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IMPROVED CONNECTION DIAGRAM SPEEDS UP MANUFACTURING 
PROCESS 


By A. WINDMUELLER, VDE, Mannheim. (From Elektrotechnische Zeitschrift, Vol. 63, No. 41/42, October 22nd, 
1942, p. 481-486.) 


To have electrical connection diagrams speedily designed 
and drawn, easily understood and compared, it is of the 
utmost importance that the same symbols should always 
stand for the same elements forming in their entity the 
electrical plants or installations. They should be 
agreed upon by both manufacturer and customer, and 
should, of course, satisfy all special requirements and 
cover any particular field of application. In addition, 
they must form some sort of framework into which 
new devices cropping up in the course of electro- 
technical development can be easily incorporated. 

The German norms DIN VDE 710 to 716 represent 
a framework of this sort, as the group symbols which 
they cover are not only symbols but combinations of 
elementary symbols which, if the need arises, can 
easily be combined into new symbols to represent 
newly developed apparatus, machines, etc. 

The symbols of any connection diagram merely 
indicate the kind of apparatus or machine they represent, 
but they do not indicate constructional particulars or 
systems. The symbol of an automatic overload switch, 
for instance, will show it as such, but it will not show 
by what constructional means the switching operation is 
carried out. The internal connections of the elements 
of the switch will not be shown in the general diagram, 
but a simplified symbol of the whole switch will be used 
instead, and, if necessary, reference will be made to the 
internal diagram of the switch. 

Fig. 1 shows the simplified symbol of a three-pole 
power switch with the operating energy stored in a 
motor-rewound spring as well as the complete symbol 
composed of elementary symbols. 

There are three different kinds of connection 
diagrams, namely, the schematic diagram, the complete 
operational diagram, and the circuit diagram. 

The schematic diagram is a simplified diagram, 
usually showing only one phase, and omitting all 
auxiliary connections. Its main purpose is to indicate 
roughly the idea of the system, how the currents of the 
main circuits are flowing, and the different ways of 
connecting the main elements. 

The operational diagram shows the complete system 
with all its auxiliary circuits and terminals. Its main 
purpose is to give a clear and complete picture of the 
whole system, and it can be used when investigating 
When drawing these diagrams the 
actual location of the various elements within the plant 
should only be taken into account in order to put them 
into groups on the diagram if they are in groups in the 
plant. For instance, the symbols of the apparatus 
fitted on a common switchboard panel should be found 
together on the diagram, but it is not necessary to take 
into account the way they are fitted on the switchboard, 
in drawing the diagram. 

The circuit diagram shows the complete system 
arranged in simple circuits and shows all auxiliary 
and main circuits, even the terminals and the soldered 
Connections. It is used for the layout and explanation 
of complex circuits, and is of great help in checking 
or in finding faults. The circuits must not intersect 
One another on the diagram. The location of the 





apparatus itself in the plant and the mechanical con- 
nection between different apparatus and different parts 
of one and the same apparatus is not referred to, and is 
not needed in the layout of these diagrams. 

At the present time the layout of a medium-size 
installation can practically only be done by making 
a circuit diagram which, of course, will not show the 
mechanical or electro-mechanical side of the apparatus 
involved. This makes an operational diagram necessary 
in addition, showing the apparatus as they are. Corre- 
sponding terminals must be shown and indexed in 
both diagrams. Usually a wiring diagram is also 
necessary in addition to the two diagrams. The 
purpose of the proposed simplification is to replace 
these three diagrams with one single diagram and 
thereby to save material and labour. 

In certain cases, for example, where the system 
contains radio valves, the most satisfactory way would 
be to draw the diagram based on the location of the 
various parts. On the other hand, where two-pole 
switchgear forms part of the scheme, the current 
diagram would be the most efficient. Three-phase 
schemes, of course, cannot be presented in this way. 

The chief disadvantage of the usual circuit diagrams 
is that they do not show how the different parts combine 
into one switching element. For instance, if it is 
required to know what happens when the coil (3) 
becomes energised, it is necessary to look all over the 
diagram for the contacts marked (2), omitting none 
of them. But it is easily realised that the switch (9) 
becomes energised when the auxiliary contact (2) closes, 
although it is still necessary to look up the list of appa- 
ratus and to find out what this switch (9) actually is. 

Fig. 4 shows the new type of diagram which has 
none of these disadvantages. It differs from the usual 
diagram in the following features :— 

1, Parts belonging to one and the same apparatus, 
e.g., the coil, contacts and terminals of a magnetic 
switch are marked by one and the same index 
composed of several figures according to certain 
rules (see later). 

2. Below each magnetic coil is drawn the symbol of 
the corresponding complete apparatus to which 
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it belongs. In the case of multi-pole switches 
the full symbol is put only below the first pole. 

3. Running numbers are given to the circuits. For 
easy reference larger diagrams are subdivided 
into sections, number 1, 2, 3, 4, etc. 

4, Below the number attached to each symbol in 
the diagram (viz. I) the numbers of the circuit 
and the section are put in brackets where, or 
below which, the full symbol of the complete 
apparatus may be found. 

5. The contacts of the magnetic switches drawn 
below the circuit diagram (viz., II) are marked 
with the number (in brackets) of the circuit or 
the section where these contacts, and therefore 
the apparatus operated by them, may be found. 

6. In the list of apparatus the number of the 
corresponding circuit and section is added to 
each item. 

From the practical point of view alone it proves 
useful to draw the auxiliary and the signal apparatus 
close to the schematic diagram, and to outline the parts 
belonging together (Fig. 5). 

The schematic diagram showing the main circuit, 
added to the left end of the current circuit diagram 
showing the auxiliary circuits, completes the diagram, 
except for the indices on the terminals of the various 
apparatus (Fig. 5). 

Terminal plates are treated as an individual appa- 
ratus, the single terminals being treated as its parts. 
Each terminal in the current circuit diagram is marked 
with the number of the plate to which it belongs, and 
also with its own running number on this plate. For 
example, L2/1, which means terminal | on Plate No. 2. 

In many cases the wiring of switchboards can be 
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done without special wiring diagrams, using the circuit 
diagram only and taking advantage of a new way of 
laying the wires, as shown in Fig. 6. There it can be 
seen that the wires are not fixed on the switchboard, 
but laid into U-shaped wire holders which proves of 
great advantage when compared with the usual way of 
laying the wires in bundles. The wires can be laid 
one by one according to the current circuit diagram 
and immediately connected to the respective terminals, 
Work is saved and mistakes avoided, while the space 
occupied by the wiring on the switchboard is reduced. 
Inspection is simplified, the circuits being checked one 
by one and faults easily located. 

It has been said that every apparatus shown in the 
diagram must be marked. It is obvious that it would 
be useful if the apparatus were marked according to 
some system, and if the marks showed at first glance 
what kind of apparatus is referred to. For instance, 
it would make the reading of the diagram much easier if, 
in the current circuit diagram, it could be seen from the 
index attached to the symbol of a contact, whether this 
contact belonged to a knife switch or to an automcetic 
overload switch. It is suggested that the apparatus be 
classified into ten groups, marked 0 to 9. To distinguish 
between the individual 
apparatus within these 
groups, the letters of the 
alphabet could be used. 
If the number of appara- 
tus belonging to one 
group exceeded 2¢€—the 
number of the letters of 
the alphabet—the installa- 
tion could be split up into 
larger groups from another 
point of view, say, the 
location or the purpose— 
main circuit, auxiliary cir- 
cuit, signal circuit, etc.— 
and another figure added 
to the index. For example, 
the index 34b would mean 
“the apparatus belongs 
to the main motor drive 
(index 3), is a magnetic 
switch (Group No. 4), 
and is switch ‘b.’” 

It is further suggested 
that the diagrams be clas- 
sified into classes A, B and 
C, A being purely schema- 
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ticdiagram, B a complete diagram simplified in so far as 
it does not show terminals, connections, etc., and C, 
which can be used when carrying out the work, i.e., 
a diagram showing all details, terminals, etc. If the 
diagram does not indicate the location of the various 
apparatus, the letter “S” is added to the letters 
A, B or C. If it does indicate the location of the 
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“cc ” 


apparatus the letter “r” is added, with the indices 
0, 1, 2, etc., according to the degree to which the 
location of the apparatus is taken into consideration. 
The schematic diagram previously referred to would 
be an AR or an ARo diagram, the operational diagram 
a BR diagram if the terminals are not shown, or a 
CR diagram if they are shown. 


MOBILE TRANSFORMER STATION FOR AGRICULTURAL MACHINES 
AND BUILDING SITES 


By G. NABHOLZ. 


(From Neues von Sprecher und Schuh, No. 3, 1942. 


Abstracted in Bulletin Assoc. Suisse des 


Electriciens, Vol. 34, No. 5, March 10th, 1943, pp. 115-118.) 


Tue mobile sub-station as described below has been 
developed to cope with the shortage of petrol, and is used 
extensively for agricultural machines. It has been pro- 
jected, designed, constructed and put into operation 
within two months in summer, 1942, and serves to feed 
mechanical ploughs, threshing and similar machines, as 





Fig. 1. 


Tractor and Transformer station ready for 
transit. 












Fig. 2. Station ready for operation. 





well as building sites, from H.T. power lines. It is 
constructed on a two-wheeled trailer and has the 
following characteristics :— 


Primary voltage 10 kV. 
Secondary voltage 380 V. 
Rated power a 50 kVA. 


Similar units may be constructed for voltages up to 
20 kV and for loads up to 50 kVA or higher. 

The trailer is equipped with a hand brake, an 
adjustable front stand and two rear stands with circular 
disc feet. On the roof there are three contact poles 
and a platform. During transport this latter gear is 
folded into horizontal position (Fig. 1). After unhooking 
the trailer from the tractor (or car), the front support 
wheel is not lowered at first ; the trailer inclines itself 
somewhat forward and the rear stands are lowered. 
The trailer is then lifted by the jack of the front support 
wheel and the tyres are thereby eased from the weight 
of the trailer. 

Before making any connections earthing must be 
provided for. Connections for protective earthing of 
the chassis and earthing of the neutral are each taken to 
a separate earthing rod. Protective earthing involves the 
whole trailer, including the housings of the.L.T. cable 
terminals. The circuit earth is connected, according to 
regulations, to an insulated terminal, situated on the 





Fig. 3. Connection of the line contacts. 
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Fig. 4 (Left) 


Line contact connected 
to H.T. line 


Fig. 5 (Right) 
Circuit diagram of 
mobile 
station 


a Line contacts 

b Cable drum with 
winding spring 

c H.T. cable contact 

d Power switch 

e H.T. high-power 
fuses 

f Transformer 

g Energy meter 

h Voltmeter 

i Amperemeter 

k L.T. switches 

1 L.T. fuses 

m Cable lugs 

n Cable drums 

o Neutral point 
earthing 

p Protective earthing 

q Earthing rod _ for 
chassis and frame- 
work 

r Earthing rod _ for 
circuit neutral 
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rear of the trailer. Terminal and earth rod are con- 
nected by a bare cable. 

To connect the station to the line, the three contact 
poles are raised by means of crank and spindle ; the 
two outer ones may be adjusted laterally, to suit the 
profile of the H.T. line. It is very important to have 
wide spacing between the poles in order to avoid 
short circuits when connecting the flexible cables to the 
line. Adequate spacings also help to avoid short circuits 
which otherwise might occur when the power cables 
oscillate during wind. 

After siting the station, it must be put into operation. 
There is a collapsible platform on the roof, accessible 
by means of steps forming part of the trailer. When 
erected this platform is quite rigid, and is also provided 
with a handrail (Fig. 3). The high-tension connecting 
cables are in the interior of the tubular poles and have 
terminators at each end. The.round .boxes at the 
upper end of the poles each contain a drum and a 
spring, which keep the bare connecting cables leading 
to the line under mechanical tension and wind them up 
after disconnecting. Each bare cable is fitted with 
contact attachments (Fig. 4). The design of this con- 
structive detail is of great importance and was the 
object of numerous careful tests. 
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The line contacts are hooked on to the line wires 
by means of an insulating rod, first to the top, then to the 
intermediate, and lastly to the lowest wire, respectively. 
The rod is made of three pieces, which screw on to each 
other, permitting the total length of the rod to be 
adjusted. Ona correctly laid-out power line connection 
of the station is made without difficulty even in the 
middle of a span, as has been shown by practical tests. 

The electrical layout is shown in Fig. 5. The gear is 
placed in the interior of the trailer, and so protected 
against the weather. On the H.T. side there is a 
horizontal power switch and three high-capacity fuses. 
The contact pole cables have on their lower ends 
cable terminators, which fit on to the switch terminals. 
On the L.T. side power is distributed through energy 
meter, ammeter and voltmeter to two four-wire L.T. 
cables, each 150 metres long, having a cross-section of 
16 mm.? per conductor. The L.T. cables are protected 
by fuses, may be disconnected by switches, and are 
fitted on both ends with standard lugs. The lugs on 
the station side allow for change of phase connection 
to obtain correct sense of rotation of the motors. 

For protection of personnel there is a system of 
interlocking devices. -. The. H.T. .power switch. 1s 
actuated by means of an outside lever which is mechani- 
cally interlocked with the steps leading to the roof, 
so that the roof is accessible only when the H.T. circuit 
is disconnected. When the switch is closed, the door 
giving access to the H.T. fuses is locked in the closed 
position, and inversely, as long as the door is open, 
the switch may not be re-closed. 


TEMPERATURE MEASUREMENTS on BURIED HIGH-TENSION CABLES 


By R. IseELIn, Basel, and O. WANNER, Basel. 


(From Bulletin Schweizerischer Elektrotechnischer Verein, Vol. 


34, No. 5, March 10th, 1943, pp. 105-107.) 


THE maximum permissible current for underground 
electric cables is, in general, determined by the cable 
manufacturers, on the base of a maximum permissible 
conductor temperature of 50° to 60° C. Apart from 
the current, the cooling conditions determine conductor 
temperature, and they depend on various factors, which 
cannot be taken into account when compiling load tables. 


Soil temperature varies during the seasons, and humid 
clay will transmit heat better than, e.g., dry sand of 
gravel. Therefore, under favourable circumstances, 
a cable could be loaded with a much higher current, 
and in the late summer (dry, hot soil) with a much 
lower current, than is indicated in the tables. ae 
To investigate these matters the 6kV transmission 
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line Augst-Basel has been fitted with a measuring 
device, on the occasion of a partial reconstruction. 
In the first part of the line, starting from Augst power 
station, in all the five cables of 3 x 100 mm.? Cu, there 
js a 10 mm. wide cotton tape which contains four 
insulated copper wires of 0.3 mm. diameter and one 
steel wire of 0.5 mm. diameter (to increase tensile 
strength) (Fig. 1). Pairs of the copper wires are 
connected in the first spline box after the power station 
to form loops. Three of the cables have also a central 
tape. The ends of each loop are connected to terminals 
in the power station. 

For the unloaded cable the resistances of the loops 
and their temperatures were determined. Heating and 
cooling tests were then carried out at constant current 
(Figs. 2-7). The outer loops give the temperature of the 
lead sheathing, the inner loop the temperature of the 
conductors (heat generated in the conductors can only 
flow outwards, and the central loop assumes the same 
temperature as the conductors). Fig. 8 shows the 
temperature difference between conductor and lead 
sheathing at constant load after reaching equilibrium, 
for various currents. 

After carrying out the tests, the loops were connected 
to a six-fold recording instrument which records lead 
sheathing and soil temperatures (Fig. 9). By adding 
the temperature difference according to Fig. 8, the 
conductor temperature is calculated. It would be 
possible to use the central loops for recording conductor 
temperatures, but this has not been done for safety 
reasons. In this way the cable temperature is con- 
stantly supervised. Graphs of temperature may be 
established for overloads, and it might be laid down in 
advance for special cases (breakdown of another line) 
after what time the maximum permissible temperature 
is reached. 

Another series of tests were carried out at 6 kV 
cables of the same type leading from Volta Street sub- 
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Fig. 8. Temperature difference between conductors 
and lead sheathing. 


station at Gross-Basel over the Dreirosen bridge to 
Klein-Basel. There are three types of layout :— 

1. Between sub-station and the bridge, the cables 
are placed in the ground at a depth of about 
1.2 m. in sand and covered with cement pro- 
tectors and cement plates. 

2. Across the bridge (length 255 m.), the cables are 
placed in Mannesmann steel tubes of 100 m. 
inner and 108 mm. outer diameter. The tubes 
are supported by wooden boards. In a spare 
tube is placed a measuring cable in order to 
ascertain the temperature of the surroundings. 

3. On the Klein-Basel bridge ramp, the cables are 
placed in a concrete channel under the footpath. 

Several cables have measuring loops (Fig. 1). On 
August 2nd and 3rd, 1941, tests were carried out. 
In the first instance, the cable was loaded with 200 A 
short-circuit current (Fig. 10). Relation between con- 
ductor temperature and lead temperature is according 
to Fig. 8. 

Temperature difference between lead sheathing is 
greatest (18° C.) in the steel tubes, 12° C. in the concrete 
channel, and only 8.8° C. when laid directly in the 
ground. Time for reaching equilibrium is about 
eight hours for the steel tubes and about three hours 
for the cable laid normally in the ground. 

The temperature of the cable which measures the 
temperature of the surroundings on the bridge increased 
during the day from 14.6° C. to 20.7° C., to fall next 
morning to 17.7° C. In a measuring element in the 
Klein-Basel concrete channel variation was more 
important, the temperature being raised from 19.7° C. 
to 28° C., to fall next morning to 22.4° C. Soil tem- 
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Figs. 2 to 7. Heating and Refrigeration Graphs. 
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Fig. 9. Records of cable and soil temperatures. 
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Fig. 10. Tests on the Dreirosen Bridge cable. 


perature on the Gross-Basel side varied only slightly, 
being constant within 0.5° C. during the whole test, 
The cables adjacent to that under test were only slightly 
loaded during the tests (Saturday); their influence 
may be neglected. There was warm summer weather 
with a light wind up the Rhine, overcast sky between 
1 p.m. and 3 p.m., otherwise sunshine. 

According to VDE (Germany) the permissible 
permanent temperature rise is 25° C. for H.T. cables; 
for cables laid directly in the ground, extrapolation of 
the VDE table gives 250 A. According to the tests 
with the Augst cable, the temperature difference 
between conductor and lead is 7° C. at 200 A. Thus 
an excess temperature of 25° C. is reached :—for 200 A 
or 8 % of the VDE value in the tubes, 220 A or 87 % 
of the VDE in the channel, and for 245 A or 98 % of 
VDE at Gross-Basel. 

With low soil and surrounding temperatures the 
permissible load of the cable may be increased. The 
tests allow to calculate the permissible overload for 
intermittent and for constant loading. 


THE USE OF ACID SLAGS IN CONJUNCTION WITH FLUXES AND 
DESULPHURISATION 


By ROBERT DuRRER and BoRUT MArINCEK, Berlin. 


(From Stahl und Eisen, Vol. 62, No. 26, June 25th, 1942, 


pp. 537-539.) 


Working conditions for basic and acid desulphurisation. 
Experiments and results. The influence of temperature, quantity 
of slags used, addition of fluxing materials, and time. 

THERE is a widespread impression that crude iron and 
steel can be desulphurised satisfactorily only by the use 
of basic slags. R. Durrer, Hellbrugge and 
B. Marincek claim not only than desulphurisation by 
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acid slags is possible, but also that it achieves even 
lower sulphur contents than with the usual basic slag 
procedure. 

The desulphurisation is represented by the equation 
FeS +SiO,+2C=Fe-+ SiS +2CO —Q. 

Fig. 1 shows sulphur content in relation to tempera- 
ture. The slags increase in acidity from 1 to 6. Slag 6 
consists of practically pure SiO,. The curves show 
that desulphurisation by this method depends very 
closely on the temperature, and above 1,700° C. it is 
almost complete. Slags with very high SiO, demand 
a temperature of 1,800°. 

Owing to their high SiO, contents semi-liquid slags 
effect the most complete desulphurisation for any given 
set of working conditions. When the slag is dense 
the final sulphur content is reached only very slowly; 
liquid slags, on the other hand, not only favour the 
reaction but also facilitate the escape of the gaseous 
products, notably SiS and CO, thereby allowing the 
reaction to proceed to completion. 

Desulphurisation is greatly expedited by working 
conditions in which the slag is hotter than the iron. 

It is evident that to obtain the results by this 
method both the temperature must be higher than that 
ordinarily employed, and the viscosity of the slag must 
be by some means diminished. The preceding expet!- 
ments show how this can be effected. Now it 
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necessary to deal with the influence of the quantity 
of slag used. The experiments were carried out on 
crude iron and synthetic slag, in a graphite crucible 
containing 0.1% sulphur, using a Tamman furnace. 
150 grs. of slag was heated, with a fluxing material, 
to 1,600-1,700°. 150 grams of cold crude iron was 
added. After five minutes the iron-slag mixture had 
reached a temperature of 1,600°, which was maintained 
until the melt was poured into ingots. This tempera- 
ture was controlled by a thermo-couple of platinum/ 
platinum-rhodium wires. 

The results of these experiments also showed that 
desulphurisation is greatly improved by the use of 
fluxing materials ; this is explained by the decrease in 
slag visccsity which they produce. NaCl, Na,CO,; 
and CaCl,, in consequence of their low melting and 
vapourising points, are good agents. Fluospar is even 
better, especially if used in a quantity ensuring a 
CaF2 content of 1%. There is still, however, room 
for improvement. Crude iron with a sulphur content 
of 0.48% could be reduced only to 0.1% sulphur. 

Experiments carried out at 1,700° show quite good 
desulphurisation. The composition of the slags used 
is given in Table I, and the desulphurisation efficiency 
in Figs. 2 and 4. The time allawed for the experiments 
was 30 minutes. The crude iron chosen contained 
0.620% sulphur, and the fluxing materials added were 
sodium carbonate, fluorspar, and titanic acid in amounts 
varying from 3 to 6% according to the quantity of slag 
in the melt. 


TABLE I.—Composition of the slags. 


Sigs | 1 | 2 | 3 | 4 | 5 | 6 








CaO) =—% | 26.56 | 28.73 | 30.12 | 38.86 | 36.85 | 27.46 
SiO, % |54.30 | 49.70 | 48.52 | 42.15 | 41.16 | 52.40 
Al,O; % | 18.70 |20.70 | 20.70 | 18.58 | 20.31 | 21.01 














C0:SiO,| 0.488| 0.578, 0.621) 0.920| 0.896 0.524 





By the use of acid slags, 1 and 2, a practically 
complete desulphurisation is obtained, provided the 
appropriate fluxing material is added. Without the 
addition of a flux desulphurisation is successful only if 
the slag is low in SiO,, i.e., if it is not markedly acidic. 
Slags 1 and 2 desulphurise comparatively poorly, but 
their action is greatly improved by fluxes. With 
slags 3 and 4 desulphurisation is practically complete 
even without the inclusion of a fluxing material. 

Fig. 2 shows that the influence of sodium carbonite 
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is negligible. With the more strongly basic slags 
fluxing materials lose their advantages. Sodium car- 
bonate and sodium oxide, owing to their strong basic 
properties, tend to find the free silica and, for this 
reason, as well as by virtue of their low vapouring 
points, hamper rather than encourage desulphurisation. 
Fluospar clearly favours desulphurisation. Its effect 
is especially apparent in the case of slags 1 and 2. 
Titanic acid has a favourable influence, especially 
when used in conjunction with slag 4. Here desulphu- 
risation is almost complete. In addition to its fluxing 
properties titanic acid probably acts also as a catalyst. 
For these experiments comparatively large amounts 
of slag were used ; in fact, one part by weight of slag 
to one of iron. It was, therefore, necessary to examine 
the influence of the quantity of slag included in the melt. 
Tests were made on two acidic slags (2 and 4) in melts 
of crude iron containing 0.620% sulphur at a tempera- 
ture of 1,700° and for a period of 15 minutes. The 
inference from Fig. 5 is that desulphurisation is un- 
affected by the quantity of slag used. 
To investigate the influence of time, experiments 
were carried out on 150 gr. samples of crude iron 
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containing 0.480%, sulphur at 1,600°, combined with 
slag 6 (alone) and slag 5 supplemented by 3% CaF? 
(Fig. 6). Using slag 5 desulphurisation was complete 
in a very short time, while periods as long as 180 
minutes were insufficient for slag 6, which was strongly 
acid and had a high viscosity. 

Desulphurisation by basic slags is effected by 
absorption of sulphur into the slag; therefore, as the 
saturation point is approached the slag loses its 
desulphurising properties. Acidic slags, however, do 
not retain the sulphur and their efficiency does not 
decrease provided the SiO? loss is made good. 

The main disadvantage of the small Tamman 
furnace is its comparatively high heat radiation, which is 
responsible for the slag being at a lower temperature 
than the iron in the bath. This temperature difference 





fluctuates. The slag may be as much as 100° C, lower 
than the iron, resulting in higher viscosity and therefore 
lower desulphurising capacity than if the temperature 
were equal. This difference is greater at the beginning 
when the top of the furnace is cold, than later on when 
it has warmed up. Experiments show that desulphurisa- 
tion by acid slags can undoubtedly be done successfully 
on a large scale at working temperatures ; it has not yet 
been established that it is more effective at thes 
temperatures than basic desulphurisation. 

For efficient acid desulphurisation, however, certain 
conditions must prevail. ‘There must be ample oppor- 
tunity for the escape of SiS, i.e., the slag must be ip 
a thinly liquid condition. This is achieved by the use 
of a suitable flux. It is essential to ensure the Sj§ 
sublimates away completely, and it is not returned to 
circulation in the bath. This is particularly liable to 
occur in blast furnaces which are, therefore, unsuited 
to acid desulphurisation. Wherever possible a flue 
furnace should be used. 

Experiments have demonstrated that efficient 
desulphurisation can be carried out at normal working 
temperature with acid slags, provided they are ina 
sufficiently liquid condition. The best fluxing agents 
are titanic acid and fluorspar. The proportion of slag 
in the melt has no appreciable influence in acid 
desulphurisation. The degree of desulphurisation 
increases with the period of time until the iron is 
practically free from sulphur, whereas desulphurisation 
with basic slags is limited by the sulphur-saturation 
point of the slag. 


GLUEING OF PRESSPAHN 


By Hans TscHup!I, Rapperswil. (From Bulletin des Schweitz. Elektrotechnischen Vereins, Vol. 34, No. 2, 
January 27th, 1943, pp. 50-52.) 


IN the aircraft industry, where glued joints are used in 
plywood construction, a number of new glues have 
been introduced. Some of them may be used for 
making oil-resisting and electrically gcod joints of 
presspahn. Hitherto caseine, dextrine and starch glues 
dissolved in water have been used at room temperatures 
and under moderate pressures, or synthetic phenol 
formaldehyde resins dissolved in alcohol and employed 
at considerable pressure of about 120° C. 

The tests here described give some idea of the 
mechanical and electrical strength of glued joints. 
From a hard presspahn of very fine texture, specific 
gravity 1.35, strips were cut, bevelled on an ordinary 
ribbon grinding machine, and glued with various glues 
(Fig. 1). 

TABLE I.—Tests with different glues. 

















Duration; Mean Mean 
Glue of tensile tensile 
pressure load strength 
Minutes Kg. Kg./cm.? 
1. Bone glue Ss 6 140 390 
2. Acetylated cellulose 10 142 395 
3. Melamin glue 10 211 590 
4. Kaurit glue ‘ 2 208 580 
5. Tego glue film .. 6 125 350 





The following five representative glues were selected 

for testing :— 

(1) Ordinary bone glue, liquified by heating, as used 
by joiners. 

(2) Acetylated cellulose, soluble in certain organic 
solvents, which must be used immediately after 
coating the surface to be glued. 

(3) Melamin glue, a Swiss-made carbamide resin 
soluble in water, which gives a paste equal to 
half its weight in water. 


(4) Kaurit glue, a similar German-made product 
used by the plywood industry. 

(5) Tego glue-film : thin paper coated on both sides 
with special phenol formaldehyde resin. 


Glueing was finished immediately after coating the 
surfaces in question, between two smooth brass sheets 
at 100-110° C. and about 150 atm. pressure for between 
5-10 minutes. After remaining for at least 24 hours in 
air of 65% relative humidity, the strips were tested under 
tensile load in a normal testing machine. Failure always 
occurred in the joint, partly by the tearing off of fibres 
of the opposite surface. 
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Fig. 1. Presspahn test specimen (dimensions in mm.). 
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Fig. 2. Testing of the electrical strength near the joint, 
and on the joint. 


A sheet of the presspahn was bevelled off on two 
opposite edges in a similar way and then rolled ‘0 
a cylinder of 110 mm, diameter. It was glued in a 
simple pressing device, corresponding to inner and 
outer diameter, at 30° C. for one minute. Even the 
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lower | Tego glue attained a tensile strength of over 500 kg./cm.* mately two-thirds of those of presspahn sheets of 
refore f in this test. equal thickness. 

rature The electric strength of strips (Fig. 1) was tested Tensile strength of presspahn in the sense of the 
inning | afer 24 hours’ drying in an oven at 105° C. and subse- machine, 855 kg./cm. . , 

When quently impregnated with transformer oil of 105° C. Tensile strength of Lg presspahn normal to the 
lurisa- ff for 72 hours. The tests were carried out under oil at sense of the machine, 496 kg./cm.* 














ssfully § oom temperature, and after increasing tension by 1 kV TaBLe II.—Electrical strength (Fig. 2). 

Lot yet fH ner second, the tension for failure after one minute 

these f was determined (Fig. 2). Results are shown in Table II. | Test A | Test B 
Finally, the electric strength of cylinders was tested, 

ertain ff with tinfoil on both surfaces as electrodes. Failure Kaurit glue - 75 kV | 70 kV 

ppor- fF always occurred along the joints at voltages approxi- Melamin glue me 76 kV | 69 kV 

be in 

he use 

e Sis THE AIRSCREW AS A LANDING BRAKE 

bie By Dipl. Ing. A. Von DER Muay. (From Flugwehr und Technik, Vol. 5, No. 2, February, 1943, pp. 51-54.) 

suited § j, Introduction. makes its appearance when, in the process of reversing 

a flue Tue variable pitch airscrew designed by the firm the pitch, small angles of blade incidence are passed. 
Escher Wyss some years ago, distinguished itself right This “ windmill effect ” sets in suddenly, increases the 

ficient from the first test flights by important innovations. speed of rotation and disappears when the braking 

orking JB This constant-speed airscrew for normal service had a position is reached. An example is given in Fig. 3. 

in a ff very high rate of change of pitch for the purpose, about The engine torque absorbed by the airscrew first 

agents HF 9°\sec, This, and the controlled speed range between decreases f when it becomes negative it accelerates the 

f slag HF 100% to 40% of the nominal r.p.m., make the airscrew engine, then it rises to positive values. The change of 

acid JB fully automatic. Fig. 1 shows the airscrew which has pitch, expressed by angle —p is in this example 60°, a 

sation § been proved by the Swiss Air Force under the most value which can be reached by most of the variable 

‘on is fF severe conditions. pitch airscrews. The required minimum speed of 

sation The next step was to develop the airscrew so that it setting, however, is 40°/sec, very different from that 

ration ® could act as an air brake when landing. This has now obtainable with most types of variable pitch airscrews, 
been satisfactorily achieved. The following test results which is between 1°/sec and 3°/sec. The forementioned 
have been officially obtained. They relate to a single failures in earlier tests were due to the low rate of 
engine fighter of modern design, provided with a change of p. Excessive engine speeds occurred which 

‘ Escher Wyss variable pitch airscrew designed for use led to destruction. Modern aero engines cannot stand 

“2 as a landing brake. The length of landing run with up to speeds over 10% in excess of the nominal r.p.m. 
wheel braking alone was 61% of that without any without risking serious damage. 


oduct § braking, the corresponding figure for the landing brake 
airscrew alone was 28%. The simultaneous use of 

sides @ wheel and airscrew brake reduced the landing run to 
17% of that without any braking (Fig. 2). 

g the § 2. The Airscrew as an Aerodynamic Brake. 

sheets In principle there are two ways to produce a braking 

tween @ force with an airscrew :— 

urs in 1. By employing fixed blades and reversing the 

under J sense of rotation. 

lways 2. By reversing the pitch of the blades, and main- 

fibres § taining the original sense of rotation. 

The first method has been in extensive use in ship- 
building, but is impracticable with aircraft. The other 
method has been tried as early as 1934, and led to partly 
disastrous results, especially when used in connection 
with diving. In the meantime variable pitch airscrews 
came into general use, and so the question of their 
utilization as brakes received reconsideration. The 
early failures can be attributed to lack of knowledge 
of the aerodynamic forces acting on the blade when 
employed as a brake. The Institute for Aerodynamics 

) at the Federal Technical College (E.T.H.) in co- 


ue Operation with the firm Escher Wyss have investigated 
the relevant problems, and a clear definition of the 
Tequirements on airscrews used as brakes has been 
obtained. 

3, The Airscrew as a Dive Brake. 


_ With a 1,000 H.P. engine at 1,600 r.p.m. of the 

arscrew, and a diving velocity of 500 km/h, the braking 

- force of a three-bladed airscrew of 3.2 m. diameter in 

joint, F brake-setting exceed; 3,000 kg. This tremendous 

force requires a great bending strength, especiall as 

, two fe the resultant aerodynamic force on the blade acts near 

.d to ‘hetip(_ 0.75 R). Moreover, for case of blade setting 

in a @ Stat stiffness at the root bearing is necessary. 

and | . The cause of earlier failures with this type of braking Fig. 1. Fighter aircraft fitted with Escher Wyss 

» th: &— lies rather more in the fact of a driving moment which automatically controlled variable pitch airscrew. 
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a : , pen Conclusion. 

At first it would seem that the airscrew used as q c 
landing brake represents an intermediate stage in the bad 
development toward a dive brake. However, it is the tavem 

warp —_____________________ ne landing brake which comprises items contributing to Eiht 
Qo! i ' | é ' real technical progress. types of 
[* ge The first advantage of the airscrew used as a landing § 2 of 
.. i. . ... brake is the very effective shortening of the landing run, T 
Fig. 2. Landing run ofa fighter The benefits from this are obvious ; smaller airfields J —— 
3) pet from actual test. can be used, or on aircraft carriers aeroplanes of higher 
: 5 wing loading and accordingly higher speed and landing pe 
(1) Without braking speed can safely land. Hereby landing takes place Short 
, (2) Wheel brakes only directly from the glide with the engine idling. The flight B X74 
eT (3) Airscrew brake only path must be tangential to the airfield, and at a suitable BM 
°0 | (4) Wheel and Airscrew brakes moment the engine is put to full throttle after the air- Infra 
, : :; screw has been set into brake position. The braking Elect 
4, The Airscrew as a Landing Brake. effect is immediately present, and as a great part of the § —— 
Here the required minimum rate of blade setting is wing lift is destroyed, the aircraft is pressed down to 1 
20°/sec. The range which must be controlled is 60° to the landing field and does not jump at all. ania 
70°. The service conditions are less severe than in Unlike the wheel brake, the airscrew brake is Emi 
dive braking. The braking force or negative thrust (S) effective at higher speeds (Fig. 4). This is of great JB reflectic 
is of much lesser magnitude ; it is of the order of about advantage when landing with excessive speed. es 
the static thrust (for a 1,000 H.P. engine with a three- __ A further contribution toward the safety of landing B f'small 
bladed airscrew of 3.2 diameter the static thrust reaches is afforded by the position of the resultant negative B covered 
1,200 kg.) (Fig. 4). thrust which is counteracting any tendency to turning => 
5. Speed of Blade Setting and Power Required. over. This again enables a more effective employment BB measur; 
: of the wheel brakes. the opt 
If, for instance, the output of the electro-motor used The most promising trend, however, lies in the — 8! 
for pitch changing is } to } H.P. for a speed of 1°/sec to direction of increase of the maximum speed. The air- 
2°/sec, the required power for, say, 30°/sec becomes screw brake offers the possibility of shortening the 
74 to 15 H.P., or rather 10 to 20 H.P. as with higher landing run. For the dimensions of the airfield the 
output the efficiency is lower. From these considera- take-off run will be decisive so that there is in general Z 
tions it follows that for a rate of pitch change of over no direct gain in a shortening of the landing run over 
20°/sec the usual electrical and mechanical changing that length required for take-off. In this case the 
devices become unsatisfactory. It will not be possible, airscrew brake can be utilized so that it allows a higher 
for instance, to house a 10 H.P. electro-motor in the landing speed. Therefore it is possible to increase the Gre 
hub of the variable pitch airscrew. Thus, for higher wing loading, and thus the maximum speed to a degree J <esree. 
rate of pitch change devices can be operated by hydraulic hitherto not feasible. lengths 
means only, which in addition offer the advantage of Pcie 
energy storage. The required rapid change in blade 2500 we spez 
setting is achieved by pressure increase in the control ' apply ‘ 
system (oil). The power required is available instan- hg 
taneously through compressed air stored in a pressure on neglect 
vessel which generally supplies air for the retractable ” Radiat 
under-carriage, flap actuating device, etc. wo J For 
The setting of the blades to negative angles is 2000 radiatic 
manually operated exclusively by the pilots action. be 3 
Escher Wyss have provided for this purpose a single surface 
combined lever which controls engine power as well as bg tir 
all airscrew functions. The complete changing device, =o 
including the operating lever, weighs about 12 kg. y, aie 
| For 
- Cs=ra 
. 4008 Tot 
- = 1000 (one he 
= 0d 
€ = 
2 ee 
5 FS P in k 
Pe radial 
where | 
unit tin 
Tespecti 
The 
Vi. km/h —e pre g 
%5 400 200 220 400 direct 
Fig. 3. The airscrew as dive brake. Engine output . ; = 
1000 H.P., speed 400 km/h. Three-bladed airscrew of Fig. 4. Negative thrust of a three-bladed airscrew os 
3.2 m. diam. Thrust, torque and blade setting as (3.2 m. diam.) as function of time. Engine output +273° 


function of time. 1000 H.P. 
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RADIANT HEAT TRANSMISSION 


By O. SauTER, Aarau. (From Bulletin Schweizerischer Elektrotechnischer_Verein, Vol. 34, No. 5, 10th March, 1943, pp. 107-111.) 


Introduction 

HeaT radiation is an electromagnetic radiation of the same nature 
as light, but with greater wavelengths. ‘Table I shows the different 
types of radiation. As radiant heat is similar to light, the optical 
laws of transmission, reflection and refraction may be applied. 


TABLE I.—Wavelengths of electrornagnetic radiations. 
(According to Westphal, Physik.) 





Wavelengths in pb 





0.466 . 10-§ 

“rays es 0.158. 10-4. . . 660. 10-4 
Ultraviolet rays 1.3.10-2... 36. 10-7 
Visible rays - ne 0.36... 0.78 
Infra-red (heat) rays a 0.78... 340 
Electric waves ae ae Me cis @ 


Short Gamma rays 





°o ° ° 
1y=0.001 mm. 14 = 104 A (Angstrém). 1 A=10-8 cm. 





Emitting layers are characterised by their behaviour at 
reflection. Completely black bodies are those which atsorb all 
incident radiation. Perfect black bodies do not exist, but 
practically they may be approximated by hollow bodies with 
a small opening (Fig. 1). The interior surfaces of the body are 
covered with a layer which is a good absorber of thermal radiation, 
and the radiation entering through the aperture is practically 
absorbed after several reflections. Such bodies are used for 
measuring radiation. The term “ black” is not to be taken in 
the optical sense ; bodies with bright surfaces may be black as 
far as heat radiation is concerned. 






a Fig. 1. Realization of 
4 “a black body.” The 

opening s acts as a 
Y 


black surface. 






LL 


LikilibLiiiddhivdtte 
. 
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Grey bodies reflect radiation of all wavelengths to a uniform 
degree. Coloured bodies reflect selectively, i.e., certain wave- 
lengths more than others. If the reflection is regular—that is to 
say, an incident ray is reflected only in one direction—we speak 
of a smooth surface; if an incident ray is reflected diffusely 
we speak of a rough surface. The terms “ smooth ” and “ rough ” 
apply only to certain wavelengths, as a surface which is smooth 
for a long-wave radiation may behave as a rough one for very 
short waves, since the irregularities of the surface cannot be 
neglected in comparison with the shorter wavelengths. 

Radiation from Black Bodies. 

For the ideal black radiators it is possible to state laws of 
radiation, which are also valid for grey and coloured bodies 
within certain limits. 

The radiating power Ps is the heat emitted from the unit 
surface of the black body at temperature T (in °K)* during 
unit time to a body at absolute zero (— 273° C.), and is given by 
the Stefan-Boltzmann law :— 

Ps=o.T* 
where 6 = Stefan-Boltzmann constant, 
T =temperature in ° Kelvin. 


For practical purposes this law is usually written 


B 4 
Ps=Ce.. § —— ws ea 1 
oii (0) (1) 


Cs=radiation coefficient of the black body =4.96 kcal/m.? hour(°K)‘. 


Total radiation trom a body with surface A during unit time 
(one hour) is thus 


P=A.Cs({1,)" ay sree 


P in kcal/hour if A is in m.?, Cs as above, T in °K. 


aiquation (1) gives no information about the direction of the 
fadiation. In this connection Lambert’s law states 

Pp=Pn . cos p es +s «. @& 
Where Pn and Pq is the energy radiated by the unit surface during 
unit time in a direction normal to the surface and in a direction p> 
Tespectively (Fig. 2). 
wee Lambert law is strictly true for black bodies only, but 
an good approximation it is valid for most practical surfaces, 
dines for polished mnetals. The intensity of radiation in the 
“rection of a normal to the surface is a maximum and decreases 
With increasing angle Q. 


—. 











* ® ° . e Pe 
gorge Guperature in °K (degrees Kelvin)=temperature in °C. 


The intensity of the total radiation Ps is given b 
Ps=Ppn . 7 .- oe oe (4) 


The energy distribution for the different wavelengths emitted 
by the black body is given by the Planck law 


C, 
PA= 35 (ecaiAt—1) 
where c, and c, are constants, 
P)\=energy radiated at wavelength A. 
The dimensions of P) are W/cm? if c,=3.69 W/cm? and 
C,=1.43 cm. ° K. 
A = wavelength in cm. 


(5) 





T = temperaturein® K. _ 

e = base of natural logarithms 2.71828. 
y fe3 
. 

Fig. 2 


Fig. 3 shows the energy distribution according to equation (5) 
for several temperatures. The energy maximum is shifted to 
shorter wavelengths with increasing temperature. This is expressed 
by the Wien law 

Am . T=2,800, Tin °K. .. re «« © 
A=wavelength in Be of energy maximum. 


Fig. 3. Energy distribution in 

the spectrum of the ideal black 
body. 

The visible region is shaded. 


—>P, 











Radiation from Practical Surfaces. 
(a) Electrical Insulators. 

The laws of the black body may be used as an approximation 
for non-black bodies, with the exception of polished metal surfaces. 
Kirchhoff’s law states that the radiating power of a surface is 

P=q.Ps ‘< ore ve 0) 
where Ps =radiating power of the black body, 
_ absorbed energy 
incident energy 


The Kirchhoff law is valid for the total radiation as well as 
for any particular wavelength. By analogy with equation (1) 


we have ‘ 
T 
26. - aa ‘<s as 8 
(sw) (®) 


where C=emissivity of the grey body considered, and 
C=a.G, “- oe o- oe (9) 
Instead of the emissivity C, tables often give the absorptivity 
(also known as degree of blackness). C can be determined by 
direct measurement. 
For the black body %=1 and for all other bodies 
&<1; therefore, for all grey bodies C <Cs. The 


& = absorptivity 


B radiation of the black body cannot be exceeded. _ 

10} With non-transparent bodies the incident radia- 
tion is divided into an absorbed andinto a reflected 
L part. If is the absorptivity and p the reflectivity, 
8 we have a+tp=1 ee e+ (10) 
or P=(1—p). Ps ae Pea i) 

2 where = teflected_energy 

6b incident energy 
| i, Fig. 4. Wavelength of energy maximum 
plotted against temperature of the ideal black 

4 body. The visible region is shaded. 
2+ 
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Fig. 5 
Reflection and refraction of a 
ray: (1) Incident ray; (2) Re- 
flected ray ; (3) Refracted ray. 








For transparent bodies we have in addition the transparent 
radiation 
Atp+T=1 oe . (12) 
7 —transparency = transmitted energy 
incident energy 
_ Most bodies used in engineering are non-transparent. The 
thickness of layers necessary to absorb heat radiation are very 
small, for metals about one wavelength, for dielectrical bodies 
several wavelengths only. | ; 
Reflection and refraction at the boundary of two media are 
expressed, for regular radiation, by Snell’s law 
sin % 
sin B 
For most insulators n is between 1.4 and 1.7. The emission 
of such bodies, for regular reflection, is determined by the index n 
and the emission angle 
If a ray crosses the boundary between two bodies, its wave- 
length is altered; the frequency remains the samc. : é 
he variation of the emission of an insulator with the direction 
of radiation and the index of refraction is shown in Fig. 6, in 
polar co-ordinates. 


=n, n=index of refraction .. ~« (18) 


0 


Fig. 6 
Emissivity of insulators with 
erent refraction indices as 
dependent on the _ emission 
angle. 








These characteristics of emission are applicable to the low 
temperatures occurring in technical applications. The influence 
of the temperature is usually taken into account by giving C a value 
depending on temperature. 

Tests have shown that many materials behave as grey bodies, 
i.e., all wavelengths are reflected to a uniform degree. For these 
bodies Lambert’s law is valid, too. The radiation of poorly 
radiating layers is reduced by roughing of the surface. 

(6) Plain Metal Surfaces. 

The radiation of plain metal surfaces, unlike that of insulators, 
increases with the angle of emission up to 80° and decreases 
afterwards. 

The radiation normally to the surface is smaller than in an 
oblique direction. The Lambert law is not valid. Fig. 7 shows 
the distribution of the radiation for several metals. 


Fig. 7 


Emissivity of different metals in 
dependance on the emission 
angle. 
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—+ p/P 


The radiation from plain _metals shows that the radiated 
heat P is proportionate to V po. T5, where po is the electric 
resistivity in Q mm.*/m. at 0° C. To be able to use the Stefan- 
Boltzmann law, C is treated as being proportional to V po 
and to T. The smallest possible absorptivity q% Ce of a metal 

$s 
is, according to the Bosch (formula re-written in the form of a 
simplified approximation) 
&%=0.0005. V po. T me .. (14) 
Fig. 8 shows & for several temperatures. Equation (14) is true 


only for highly polished surfaces. Practically there are deviations, 
according to surface finish and to the thickness of impurities or 
of oxide layers. 








0,10 
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Fig. 8. Absorptiveness of metals in dependance on the specific 
resistance at 0° C. 


The total radiation from plain metal surfaces is approximately 
1.3 times the radiation normal to the surface. ; 

Roughness and non-metallic oxide layers increase the radiation 
coefficient, e.g., for rusty iron surfaces there is only the radiation 
of the rust to be considered. Layers which are so thin that the 
colour of the metal surface is still visible have practically no 
influence on the radiation coefficient. 

Matt metal surfaces reflect diffusely, so that the Lambert law 
is valid. Their total radiation becomes 77 times the radiation 
normal to the surface. 


(c) Mutual Radiation. 

So far, only the radiating power of a body which receives no 
radiation itself has been considered. This condition is never 
realised; every radiating body receives radiations from its 
surroundings. If we consider two opposite surfaces A, and A,, 
so that A, radiates according to its temperature T, and coefficient C, 
upon Az, and A, radiates similarly upon A,, the radiation of A, is 
dependent upon the condition whether T, is larger or smaller 
than T;. 

The resulting heat received by A, from A, is 


T, a Te 4 15) 
P,= cr. As. | at) (503) | «+ (15) 


where C;=resulting radiation coefficient, 
1 
& 1A (d—4) 
Ci “As Nex Gs 
If A, is small as compared with A, (usually the case in practical 
applications), Cr*= C, and thus 


> TN fis \e 17) 
sien (a0) (3) | ae 


For equal parallel plane surfaces A,=A2,=A and 


P.=cr.A[ ms) (a3) | ee (18) 
100 100 


1 \ 
_ See een) 


1 1 1 


Cc, C, Gs 
If between A, and A, 7 plates of the same material are interposed 
the heat transmitted by radiation becomes 


P R USRS ss 
n+l 


(16) 


Po~ heat transmitted without the plates. 

This case is often realised when polished metal plates are used 
for protection of the surroundings of radiating bodies. By the 
use of a great number of reflectors, the heat transmitted by 
radiation can be diminished as much as is desired. 

In practice equation (15) is used in a modified form. By 
introduction of a heat transmission coefficient @%s (15) becomes 


Ley ee NS Ve 21) 
ds crf a —— ] Crt. ( 


- T,—T, 
fO= temperature coefficient. 

With os in kcal./m.? hours °C., the power represented by the 

heat radiating from the body with surface A (m.”) becomes 
Ps=s5 . A (9, —®.) keal./hours .. .» (22) 

,, B_ temperatures of the radiating body and of its surround- 
ings in °C., respectively. 

The calculations are simplified when f 9 can be taken from 
tables or graphs. 
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Table II shows the radiation coefficients for usual practical 
surfaces. The values measured at about 20° C. are valid until 
about 200° C. As a first approximation they may be used up to 
400° C. It must be noticed, however, that in practice there may 
be considerable deviations according to surface quality which is 
of great influence upon the radiation coefficient. 

Conclusion. 

The view is still widely held that the surface of good radiators 
must be dark, preferably black. This is not true, as shown in the 
table, and the term “ black body ” must never be taken literally. 
Materials which are poor absorbers of visible radiation may be 
good absorbers of infra-red rays; they thus radiate selectively. 
Therefore, in order to know the radiation properties of a body, 
besides the radiation coefficient, the temperature for which it is 
valid must be known. For most practical applications, i.e., radiators, 
electric furnaces, walls of electric cookers, walls of buildings with 
temperatures up to 100° C., the radiation is chiefly of long wave- 
length and the visible radiation is zero. Equation (6) shows that 
the energy of the visible rays becomes important only above 
5,000° K. In electric resistance furnaces, the maximum tempera- 
ture of the heating wires is, at present, not over 1,300° C, 

There are, as has been mentioned, materials the absorptivity of 
which depends very much on the wavelength, e.g., glass, which is 
transparent to visible rays, but absorbs the long infra-red waves. 
If radiant heat is to be transmitted across glass, as may be the 
case with electric ovens, the emitting body must have as high 
a temperature as possible, in order to emit chiefly short waves. 
Otherwise the glass would absorb a great proportion of the 
radiation and heat transmission would be by convection only. 

For surfaces with deep furrows or undulations, only those 
fractions which radiate outwards are relevant. The furrows or 
hollows cause only a small increase of radiating power. 

Smooth polished metal surfaces used as protection against 
radiation must be free from moisture (condensed water, oil), as such 
films absorb heat to a considerable extent and reduce the protective 
value of these surfaces considerably. 

Here we also will mention the so-called “cold radiation.” 
This term is usually applied to the small radiation of cold objects 
such as building walls, window surfaces, etc. A radiation is 
neither cold nor hot, and is only transformed into heat when 
impinging upon a body. The amount of heat produced varies 
with the radiation intensity and the reflecting properties of the 
intercepting body. 


SHEET METAL STITCHING MACHINE. 


TABLE II.—Radiation coefficients of various materials, valid up to 
about 200° C. (According to Hiitte, I.) 











, Temperature | 
at which co- » 
Material and character efficient has | kcal/m? h, 
of surface been measured, | (° K.)4 
| leg. C. 

Aluminium, polished. . - | 20 0.25 

rough .. at 20 0.35 
Copper, highly polished | 20 0.2 
matt. . tee saul 20 1.1 
rough, with oxide i 20 3.8 

layer | 

Brass, polished ea are 20 0.25 

rough rolled surface. . 20 0.34 

after abrasion. . eal 20 1.02 
Nickel, polished ? -| 20 0.3 
Iron, rough cast, oxidised 40 4.6 
wrought, oxidised a 20 4.5 
smooth drawn | 3.7 
polished a 40 1.3 

zinc-plated .. 20 1.13 

Silver, polished ee oa _ 0.15 
Tm :. ee Be aie — 0.6 
ya ne ae aatt 20 1.3 
Aluminium lacquer with Zapon | 20 2.0 
Enamel lacquer, thick layer .. | 20 4.5 
Shiny black lacquer, thin layer 20 | 4.3 
Baked enamel ne ‘ee 20 4.5 
Transparent ice ae a — 4.7 
Gypsum aa > el 20 4.5 
Glass .. Pe ry seul 20 4.6 
Rubber, soft .. aa ze 20 4,3 
Oakwood, planed... ne 20 | 4.4 
Porcelain, glazed ae ws 20 | 4.6 
ee ae et 20 | 4.6 
4.5 


Lime mortar .. ep €s 20 





RIVETING CLAMP. 


(From Werkstatt und Betrieb, Vol. 75, No. 8, 1942, p. 186 and p. 188.) 


As compared to riveting, fastening by stitching of 
sheet metal parts, or sheet metal to sheets of dissimilar 
material, offers some advantages. While for riveting 
holes must be punched, the rivets inserted and driven, 
the process of stitching is simpler. The sheets are 
stitched by means of wire clips. They are introduced 
entirely automatically by the machine which, at the 
same time, punches them through the sheet and bends 
over the outstanding legs of the clips. Smooth surfaces 
can be achieved by pressing the clips into the material. 
The method is advantageous where welding or riveting 
is impossible. 

The thickness of the sheets to be connected is 
dependent upon their strength. For example, the 


1 


» Stitching as applied to general 
sheet metal work. 





Fig. 2(above). Stitching for aeronautical work. 
Fig. 3 (right). Sheet metal stitching machine. 


following sheets can be stitched: steel plates of 
36 to 40 kg./mm.? strength, each 1 mm. thick ; electron 
or aluminium sheets, each of 3 mm. thickness ; duralu- 
min sheets each of 1.2 mm. thickness. To 1 mm. thick 
light metal or steel sheet, other materials of lesser 
strength (plywood, etc.) can be fastened up to a total 
thickness of 12 mm. Fig. 1 shows an example of 
stitching as applied to general sheet metal work ; Fig. 2 
illustrates its use in aeronautical work. The machine 
itself (manufactured by Brehmer Brothers, Leipzig) 
is shown in Fig. 3. The machine is used by the 


automobile and aircraft industries, railway car and metal 
Up to 115 


furniture manufacturers and shipyards. 
stitches per minute can be executed. 
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Fig. 4. Riveting Clips 


THE cracking or fissuring to which structural steels are 
subject during welding is usually avoided by altering 
their composition. Investigators have, however, recently 
shown that it is possible to achieve the same result by 
careful regulation of the melting and de-oxidation 
processes. Detailed observation of the conditions under 
which the cracking is most prevalent have been made, 
and the harmful effect of high sulphur and carbon 
contents has been established. In recent years particular 
attention has been given to the question of the tempera- 
ture at which cracks begin to form. At certain tem- 
peratures, according to J. Muller at 800-1,000° C., the 
steel becomes brittle and tends to crack, and over the 
same range F. Bollenrath and H. Cornelius have 
noticed a decrease in both tension and elongation. 
Recordings by various operators of the exact cracking 
temperatures vary considerably, ranging from 600° C. 
to 1,000° C., the differences in some cases being as 
much as 400° C. This is due to the fact that accurate 
observation of the precise moment of cracking with 
the naked eye is practically impossible. For this 
reason it was necessary to construct a physical apparatus 
(Fig. 1) not dependent on subjective judgment for 
measuring the temperature at which fissuring occurs. 
A direct current from accumulator batteries is led 
through the weld plates, which are insulated with 
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Existing riveting clips have shown various drawbacks, 
They are either cheap in mass production and inferior 
in their fastening qualities, or satisfactory as to the 
qualities but too expensive. These reasons induced 
the ARADO Aircraft Works to develop a clamping 
device satisfactory in both respects. These clips are 
manufactured by Strobel & Co., Hellerau-Dresden, 
and consist essentially of two strong wire parts, as can 
be seen from Fig. 4, held together by a bolt. The 
clip is cheap, requires a minimum of material for its 
manufacture, and affords satisfactory fastening. 


WELDING CRACKS IN CHROMIUM-MOLYBDENUM STRUCTURAL 
STEELS 


By ADOLFO ANTONIOLI IN SgEsTo S. GIOVANNI, Milan. Report of the Instituto Scientifico-Tecnico Ernesto Breda of 
the Works Ernesto Breda, Sesto S. Giovanni. (From Stahl und Eisen, Vol. 62, No. 26, June 25th, 1942, pp. 540-545.) 


mica. A millivoltmeter (f) measures the difference in 
potential between the terminals on the two sides of 
the seam. Should a crack occur during the cooling 
process the millivoltmeter indicates a drop in voltage 
or a break in the circuit. At the same time the tem- 
. perature can be read on the millivoltmeter (d), which is 
connected to a thermo-couple. 

Some experiments on notched bar impact strength 
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at high temperatures have proved the value of this test 
for such steels, especially with a V notch of great depth 
and small angle at the apex. The sample measured 
10x15 x55 mm. and the notch was 5 mm. deep and 
45° at a diameter of 0.1 mm. The bars were heated in 
a carbon filament oven, using nitrogen as a protective 
gas. Between the moment of removing the sample 
from the oven and the instant of notching exactly 
three seconds elapsed, during which time the sample 
has cooled down considerably. The exact temperature 
drop was difficult to measure, owing to the fact that 
the surfaces of the bars cooled much more rapidly 
than the cores. It was found, however, that a thermo- 
couple in the centre of the sample recorded the tem- 
perature with only a small error which was constant for 
all steels. The exact temperature drop in three seconds 
was determined and was allowed for by raising the 
oven temperature accordingly. 

Figs. 2 and 3 show curves representing the notched 
bar impact strength of the other steels tested. The 
graphs indicate the following conclusions :— 

Notched bar impact strengths of cracked steels 
show a decline above a temperature range of 1,300- 
1,350°. With greater degrees of cracking the lower 
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limit of the temperature range of brittleness decreases. 
Non-cracking steels maintain high notched bar impact 
strength even at 1,375°, and show a decline only 
at 1,400°. 

Samples of brittle steel show inter-crystalline 
cracks (Fig. 4). 

Most research workers believe that breaking at 
high temperature is due to melting of the thin oxide 
and sulphide films which surround the grain boundaries 
and bond the grains together. 

In some cases inclusions forming a more or less 
constant network at the grain boundaries have been 
observed at 1,350-1,400° C.; in the other cases no 
trace of a melted inter-crystalline skin could be detected. 
It is possible that the skins may have solidified during 
the cooling process. 

The relation between the chemical properties of 
the steels and the amount of welding cracks has also 
been carefully investigated. As the amounts of carbon, 
chromium and molybdenum were not variable, only the 
effects of the sulphur, oxygen and manganese contents 
were tested. It was found that the tendency to 


ELASTIC DEFORMATION 


By HANs BiRKLE, VDI, Dahlbruch. 


THE present article deals with the elastic deformation 
of U-shaped beams of large curvature, of the sort 
frequently used in practice as yokes in the construction 
of machines, or as part of measuring apparatuses, like 
micrometers, internal and external caliper gauges, etc. 
When using a micrometer, for instance, the pressure 
exerted by the micrometer screw on the part to be 
measured and consequently on the U-shaped micro- 
meter body, tends to deflect the latter, thus reducing 
the accuracy of measurement. The deflection of yokes 
pbs. and similar type is discussed in the present 
article, 

Often the deformation of yokes cannot be calculated, 
due to lack of a suitable formula. Therefore, formula 
will be derived for the deflection in the direction of an 
opening force, on commonly-used types of yokes. It is 
assumed, however, that the radius of curvature of the 
central axis of the yoke exceeds the width of the 
cross section in this direction, which is usually the case. 

The formula for the deflection of the two sides of 
the yoke (Fig. 1) if a force P is applied in the indicated 
direction was derived from the resilience work of 
deformation. The deflection is :— 
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Fig. 4 


cracking is directly proportional to the quantities of 
oxygen and sulphur present. 

The relation between the oxygen, sulphur and 
manganese contents and the cracking in steel plates is 
represented by the formula, 200°, oxygen+60 x 
% sulphur —3 x °%% manganese. 

Notched bar impact strength test at high tempera- 
tures show that weld-cracked steels show a marked 
brittleness over a range of 1,300-1,350° C., which is 
indicated by signs of inter-crystalline fracture. By 
means of a special apparatus making it possible to 
measure the weld-cracks at various temperatures on 
a 10 mm. welding seam, it has been shown that cracking 
occurs mainly in the temperature range between 
1,000-1,350° C. and reaches a maximum at 1,275° C., 
i.e., a little below the brittleness range as indicated by 
the notched bar impact test. On a larger seam, 
weld-cracks occur at a lower temperature. From this 
it is concluded that by passing the brittleness range 
after welding, the material is damaged probably by 
the formation of microscopically fine cracks. On 
cooling, the internal stress increases and’ the cracks 
become visible. The main cause of brittleness at high 
temperatures resulting in cracks is high oxygen content. 
For the steels under test the value 200 x % O,+60 x 
% S-—3x% Mn represents the relation between 
chemical composition and the tendency to crack at 
welding. 


OF YOKES 


(From Werkstatt und Betrieb, Vol. 75, No. 7, July, 1942, pp. 156-157.) 


The yoke being symmetrical, the total deflections in 
directions of the forces P equal 2Z. Therefore, it is 
sufficient to develop the formula for one side of the 
yoke only. For any point, “a” of the straight part 
of the yokes: Mb, = —P.x, and for the curved 
part Mb, = —P(a+R sin 9). 

The moment of inertia I being constant, the virtual 
resilience work is: 


7 
a e 
hn — ({MB.ax + [Mb,?.ds=R.dy5 
oO oO 
The deflection in the direction of the force P equals : 
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a 2 
z—oA__1 ( {mib, 220. dx + [Mp2 R.dos 
°o 





SP E.I 5P 5P 
oO 
and the solution of this equation yields : 


P a2 7 R*z , 
Yee |) | ee — +=— Pra) 
zl (5 +2aR+ +F| (1) 
For a = 0 the central axis of the bend becomes a semi- 
circle. In equation 1 the factors containing “a” 
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disappear. The total deflection at the ends of the 
yoke is: 
Pea 
27, — Er as a 2) 


If the radius R is made zero the formula degenerates 
into the ordinary formula for the deflection of a beam 
of a length a. 

For the yoke, according to Fig. 2, the deflection 
A A |i 


2P a? ar _R@7\ 
az= oe ([R(%2 4+2Ra+ 7) ! 


3 
5 +a; (a? +2Ra+R)]| . () 


With R equal to zero this is the formula for the 
deflection of a yoke of the type shown in Fig. 3. The 
corresponding formula is : 


2z==F-8'(S +a) oa 





7 a 
If the sides “a” are of uniform strength and of 
constant thickness b, the moment of inertia is : 


os a -: 
I= 72 and y=h. E 


Hence the opening of the yoke: 


2 Pa? ( 8a 


© pe mei =! AL 
coca aa © a ) 


where I, is the moment of inertia at the point a. 

The above equations can be used only for yokes 
with a central axis composed from straight and circular 
parts. There can be no formulae derived for yokes 
of any other form or cross section. 

In the following a simple method is shown for the 
calculation of the deformation of a large caliper gauge 
of 600 mm diameter, as shown in Fig. 4. 

The basic formula is : 


a a 
x —a, 
The formula Z= 2 M ae - ax is well known in the 


theory of stress calculations as the formula for the 
deflection, if f is substituted for Z. The bending 
moment Mbp in this formula is equal to P . a in this case, 
if “‘a”’ is always measured from the point of application 
of the force. The distance of the force P from any 
part 4x is called “a.” The constants P, E, 4x are 
constants. Only “a” and “I” for any part 4x are 
variable quantities. 

The caliper gauge being symmetrical only one side 
needs to be investigated. The central axis is drawn 
and divided into a number of equal parts, 20 in the 
present case. The distances a between the central 
points of the parts 4x and the force P are measured. 
The squares a® are calculated and multiplied by the 


factor 2 for any part 4x, where I is the moment of 





Fig 2. 
part between straight back 
and straight sides. 


Fig. 1. Yoke con-isting of 
semi-circle and _ siraight 
sides. 
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inertia of this 4x and Io equals Imax, the moment 
of inertia of the cross section A—B 


The sum 2 a* ko is calculated and the deflection of 


I 
one side becomes : 
P.az,., le 
Z= EI aa . I 
The total deflection is : 
2P. 4x , 
ss eee ig cae, 
am © eile 


The value of sis to be found for every cross section 


belonging to a certain a.Imax/Imin=12.05 is valid 
for the first cross section, the distance a of which 
corresponds to the first part 4x next to the force P, 


I 
Values of a2 ll are calculated for every cross 
min 


Io 


section and summarised as 2 a* Se In this case 2'a?~° 


I 
= 19.800 cm.? 4x = 2.85 cm. 20 parts; Imax/Imin = 
82:6,8=12.05 for the smallest cross section. 
The caliper gauge is of light alloy (silumin). E is 
850.000 kg./cm.? and the weight of the caliper is 2.5 kg. 
With a force P of 1 kg. acting on each side the deflection 
(opening of the caliper) is : 
2. 2.85 . 19.800 E : 
POY bi 850.000 . 82 =0.0016 cm.= 16u 
which shows by how small a force the accuracy of the 
measurement may be seriously affected. This is 
further illustrated by the following example : Assuming, 
for instance, that the diameter of the shaft exceeds the 
measure of the caliper by 0.3 mm. If the caliper is put 
on to the shaft in such a way that its weight acts as 
opening force, the shaft may pass easily between the 
jaws of the caliper gauge. This becomes even easier if 
the shaft is covered with an oil film. 
The force Py existing, normal to the jaws of the 
gauge, if the latter is opened by 0.3 mm is: 
4 9 
oP y= 2.Z.E.Io_ = : be sn 82 37 kg. 
As Da? Ie 2.85 . 19,800 
If the surface is dry the frictional resistance corre- 
sponding to a coefficient of friction of 0.16 is 6 kg. 
The weight of the caliper is 2.5 kg. Hence an addi- 
tional pressure of 3.5 kg. would be enough to make the 
shaft pass through the gauge. ; 
If the surface of the shaft is oily and the coefficient 
of friction 0.07, the own weight of the caliper gauge 
would be sufficient to make it slip over a shaft of 
0.3 mm. larger diameter than the maximum gauge 
length of the caliper. oe 
From these figures it is obvious that special skill is 
necessary for carrying out measurements with large 
caliper gauges of comparatively small stiffness m 
bending E. I. 
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Equation (2) shows that the deflection 2Z is pro- 
portional to the cube of the mean radius curvature. 
If Z remains constant for gauges of various size, 


3 
also R must remain constant. For the above example 
3 
is . =520 cm‘. 


The value of ws » if V.y is the weight of the 


caliper gauge, is for the above example : 


50,000 . 
BF _ 50.000 . & _2.500,000 cm." he. 


:* 

For a similar caliper gauge made of steel of E= 2,150,000 
EI 

kg./cm.2 and y=7.85, this becomes me = 2,380,000 


cm.2kg. For a caliper gauge made of malleable 
cast iron of E=1,600.000 kg./cm.? and y=7.3, it 
becomes : E.1 = 1,900,000 cm.?/kg. 
V.y 
These figures show that the stiffness against bending 
per 1 kg. weight is the highest for the light alloy caliper 
gauge. This fact might be of importance if applied to 


other branches of machine design and construction. 

In a similar way it should be possible to give a 
safety factor against breakdown or against excessive 
deformation, per 1 kg. of weight, as well as the power 
consumption of any machine per | kg. of its weight. 
The figure of output per 1 kg. weight is already com- 
monly used for motors. According to the above said 
the task of the designer is to build very stiff machines 
of small weight so that the highest figure for stiffness 
per kg. could be reached. 

This is difficult in practice even for simple machine 
parts. In the case of safety against excessive deforma- 
tion the product E.I is decisive. E being approxi- 
mately the same for all kinds of steel, I must be made 
correspondingly high. High-quality steels cannot be 
used for economic reasons. 

On the other hand, where safety against breakdown 
is considered to be of great importance the value of 


I ; ; ; : 
z =W must be taken into consideration and the material 


chosen must be of high durability op. If any machine 
part is designed according to these rules it will be easy 
to reduce the weight without reducing the safety factor. 
In many cases aluminium alloys will be useful, as 
proved above in the example with the caliper gauge. 


DESIGN OF HIGHLY STRESSED STUDS TO IMPROVE THEIR 
FATIGUE STRENGTH 
(From Product Engineering, Vol. 14, No. 5, May, 1943, pp. 288-290). 


Many weaknesses inherent in the conventional stud 
have no ill effects when the studs are loaded only lightly 
but when the stresses are high, and particularly when 
they are cyclic as in aircraft engines, failures might and 
do occur. These are usually the result of stress con- 
centration and subsequent fatigue cracks. 

The failures in the aluminium adjacent to a stud are 
not caused solely by the pull on the stud, as the stud 
would fail in tension before shear could take place in 
the aluminium provided proper fits and proportions have 
been applied. This would apply with either static or 
cyclic pull on the stud as the strength of aluminium parts 
joined by studs is greater than that of the steel used in 
the studs. This may be proved by referring to Fig. 1, 
which shows a 7/16-14 stud assembled in aluminium 
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Fig.1 Data for computing static strength of threaded 
joint. 





with an engagement length of 2D. As the shear forces 
must equal the pull, P we have 
7 d? 
27 D? ~ "Fa = Ss 
4 





where Ta= shearing strength in lb. per sq. in., either 
static or fatigue, of the aluminium alloy. 
s=tensile strength in lb. per sq. in., either static 
or fatigue, strength of steel used for stud. 
If d=0.300 in. D=0.3475 in. and 100 per cent. of 
the aluminium area is effective, then 17 Tg =Ss. There- 
fore, strength of steel must be 17 times the shear strength 


Fracture 


Fig. 2 Stud failure when joint is Subjected to tensile 
load. 
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of aluminium. If we assume only 75 per cent. of 
aluminium area effective, then S;=12.7 Ta and if 
Ta= 8,000 lb. per sq. in., then S,; must be 100,000 lb. 
per sq. in. This is confirmed by Fig. 2, in which is 
shown a steel stud assembled in an aluminium alloy ; the 
steel stud failed in test without apparent injury taking 
place in the aluminium. 

In metal-to-metal joints or joints wherein only a 
thin gasket is used, as, for example, in bearing caps or 
automobile cylinder heads, the load on the stud or cap 
screw will be either the initial tension or the tension re- 
sulting from the load on the joint, whichever is the 
higher. Therefore, in stud-fastened metal-to-metal 
joints subjected to repeated loadings, it is highly de- 
sirable that the initial tension produced in the stud by 
tightening the nut be equal to or greater than the stud 
load produced by the peak load in the cycle. Under 
such conditions the stud will not be subjected to re- 
peated stress. Although this condition is an ideal one 
which cannot be reached, highly prestressing the stud 
causes the additional cyclic stress imposed by the peak 
cyclic loads to become almost negligibly small. 

Regardless of the type of thread, one of the most 
important factors in a stud fastening is the fit of the 
stud in the part into which it is screwed. Too much 
negative clearance will prestress excessively the metal 
around the stud. However, there should be zero 
clearance between the roots of the thread in the one 
member and the tops of the thread in the other member. 
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Fig. 3. Long stud with shoulder for prestressing and 
dowel collar that prevents possible whipping 
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Fig. 4. Probable distribution of stress in the metal 
surrounding a conventional stud in a tapped hole 


This is necessary in order to guide or position the stud 
definitely so that side loads coming on the stud will not 
cause it to sway or vibrate. Any side motion of the 
stud will set up bending moments. The tensile 
stresses created thereby would be added to the normal 
tension in the stud. This is one reason why the 75 per 
cent thread fit commonly used cannot give best results 
in highly stressed studs. 

Fatigue failure can also result from the studs having 
lateral motion in the tapped hole. For this reason, the 
tops of the threads should fit metal to metal against the 
roots of the mating threads. This is difficult to main- 
tain in commercial production using the National 
Standard thread form unless a large interference fit is 
used. This is not desirable as it tends to overstress the 
metal around the tapped hole. 

Conventional straight studs are usually given a 
thread grip of two diameters in the tapped hole. This 
works out satisfactorily for 
normally stressed studs, 
but when alloy steel heat- 
treated studs are fitted into 
tapped holes in aluminium 
and the studs are highly 
stressed, fatigue failures 
have been encountered. 
In order to minimize the 
possibility of such failures 
improved designs of studs 
and thread forms were 
developed. 

Long studs, as in Fig. 3, 
should have a dowel collar 
or damping collar that con- 
tacts the wall of the hole. 
This is to prevent the stud 
from vibrating. The collar 
should not be placed at 1/2 
or 1/3 the distance between 
the nut and joint surface, 
as these points might also 


Fig. 5. Unretouched photograph showing fatigue fail 
resulting from additional stress imposed on ™ 
surrounding stud 
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be nodes in the stud when vibration occurs. Whipping 
studs often fail by fatigue. 

The stress conditions in a loaded conventional stud 
and in the metal surrounding it were determined by 
actual test. A steel stud was screwed into an aluminium 
holder which had a net cross-sectional area three times 
that at the root diameter of the stud. This specimen 
was then put in a testing machine and strain gauge read- 
ings were taken while the load was being applied. The 
results definitely indicated that a large stress is set up in 
the aluminium adjacent to the bottom thread of the stud. 
This load distribution is shown diagrammatically in 
Fig. 4. In an actual construction, the stress distribu- 
tion will be somewhat different but the nature of stress- 
ing will be fundamentally the same. The nature of a 
fatigue failure in an actual construction is shown in 
Fig. 5. This fatigue failure is the result of additional 
stresses imposed upon the highly stressed areas adjacent 
to the studded end of stud. 

Obviously, any design changes that have the effect of 
distributing more uniformly the transfer of load from 
the stud to the aluminium will serve to increase fatigue 
strength. Four general methods can be applied toward 
accomplishing this : 

(1) Hollow studs as shown in Fig. 6; (2) studs in 
counterbored holes as shown in Fig. 7 ; (3) shouldered 
studs as shown in Fig. 3 ; and (4) improved thread forms 
as shown in Fig. 8. 

Hollow studs as in Fig. 6 have better fatigue life than 
conventional studs because of a better stress distribu- 
tion in the studs. Fatigue life of the assembly is also 
greater because a better stress distribution is obtained 
in the metal surrounding the stud. 

Studs in counter-bored holes as shown in Fig. 7 also 
achieve a better stress distribution both in the stud and 
the metal surrounding it. Hence the fatigue life of 
assemblies using this type of studs will be greater than 
conventional assemblies. 

When shoulder studs are tightened the metal under 
the shoulder is pre-stressed in compression and the 
portion of the stud within the tapped hole is pre- 
stressed in tension. Such prestressing reduces the 
stress variations with the application of loads. Con- 
sequently the fatigue life is increased. 

For any type of highly stressed studs Aircraft 
Materials Standard, AMS, calls for AMS 6317 steel or 
equivalent, or 0.4 to 0.5 C. heat-treated to 26 to 32 
Rockwell C. giving about 120,000 lb. per sq. in. mini- 
mum yield point in tension. 

With reference to the design of joints, more than one 
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dowel type stud should never be used for locating the 
parts, otherwise the studs may bind. A soft gasket is 
often put between the contacting surfaces in order to 
avoid fretting which pits the surface and gives rise to 
fatigue cracks. 

Ground threads are most accurate but precision 
rolling approaches them closely. Cut threads are 
acceptable on aircraft engines only if the roughness on 
the flanks of the threads is less than 130 root-mean- 
square micro inches. 

Studs are often plated to improve their corrosion re- 
sistance or serve as a metallic lubricant on rolled or cut 
threads. Before cadmium became scarce, it was 
common practice to plate studs 0.0001 to 0.0003 in. 
thick with this metal. Tin is about equally as good 
as cadmium, but is even more scarce. Silver is now 
being tried. In the case of ground threads, the plating 
serves only for corrosion resistance, the threads being 
ground after plating on the studded end of stud. 

Stud failures can often be traced to improper tapping 
of the holes in the aluminium. The taps should be 
ground, have a positive rake on the cutting face and no 
relief. The pointing of the tap should be done by 
machine and not by hand. On machine tapping the 
lubricant used should be equivalent to Stewart No. 99 
cutting oil thinned with kerosene, if it should be ne- 
cessary. 

All threads in light alloys, such as aluminium or 
magnesium should be at least a class III fit. 

A new type of thread form, known as the AND or 
American National Dardelet, follows the standards of 
the American National Coarse Thread, the thread form 
being modified as shown in Fig. 8. The radius at the 
top of the thread is tangent to the flat top and to the 
flanks of the AN Coarse Thread profile. Only about 
the outer half of the AN Coarse profile is used, the 
threads having a wide flat bottom or root. These 
threads can be used in standard tapped holes after the 
holes have been reamed to remove about one half of the 
threads or an AND tap has been run down the hole. 
In addition to making it easier to attain body fit in the 
tapped holes, the AND studs present a larger area re- 
sisting lateral motion, their root diameter is considerably 
larger than the AN standard bolts and studs, and the 
wide flat bottom reduces stress concentration at the root 
of the thread. 

Complete standards for AND threads are now being 
correlated and established in co-operation with the 
testing and engineering departments or aircraft manu- 
facturers. 
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Fig. 6, Schematic diagram of stress dis- Fig. 7 
tribution in aluminium surrounding 


hollow studded end of stud. 


Arrangement of 
stud in counterbored hole. 


Fig. 8 American National 
Dardelet Thread Form 
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REDESIGN AND SUBSTITUTE MATERIALS FOR FITTINGS 


By Dirt. ING. F. PETRAK, Berlin. 


DvrRInG the early months of the war the main principle 
followed in the use of substitute materials was to obtain 
a product of the same quality and durability as the 
original design. In view of prevailing war conditions 
consideration is now being paid to the question whether 
or not standards of quality hitherto maintained by the 
makers and demanded by the consumers, are always 
necessary and justified by technical considerations. It 
is, indeed, found in many cases that for competitive 
reasons, specifications are made much stricter than is 
justifiable under war-time conditions. Responsible 
designers will have no difficulty in determining the 
extent to which specifications can be relaxed. 

Furthermore, the time has now come to draw con- 
clusions from the experimental redesigns of fittings 
undertaken some years ago, and to utilise these findings 
in the redesign of complete series or types of fittings. 
This may lead to considerable saving in material. 

After five years experience with sluice valves re- 
designed as shown in Fig. 1, all valves up to 225 lb. per 
sq. in. design pressure and up to 24 in. diameter, have 
now been similarly redesigned, hereby saving some 
hundreds of tons of brass. 










h = Spindle 
; Stem— Brass 
| Now—Steel 


Nut —Bronze 
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Face Ring in 
Wedge Gate 
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Brass Seat Rings 
and Face Rings 


Fig. 1 


Another remarkable example of material economy 
in the field of central heating fittings is shown in Fig. 2. 
For years it had been found impossible to replace the 
brass valve-spindle by one of iron, as the machining 
time of the latter material is about three times as great ; 
and with rustless steel it would be still greater. Such a 
change-over would, therefore, involve more machine 
tools and labour. So an entirely different method was 
introduced. The spindle is now made of rounds with 
the exact spindle diameter required. The threaded 
portion consists of a sleeve cast round the spindle, the 
thread being machine-cut as before, and in the same time 


Formerly: 

















as formerly. 


(From Die Chemische Technik, Vol. 16, No. 5, March 13th, 1943, pp. 39-43), 
The machining time for the new design 


remains the same as that of the all-brass spindle. The 
time involved in the casting operation is compensated 
for by elimination of the time formerly taken up in 
turning down the whole spindle length to the root 
diameter of the thread. This method actually yields q 


saving in brass of 85-88 per cent. 


Thus, for 1,000 


valves of a certain type, only 100 lb. of brass are used 
now against 660 Ib. formerly required. 
Corrosion-resistant seat rings of chromium steel are 
rebuilt as shown in Fig. 3. Here the solid chromium 
steel ring is replaced by a plain carbon steel ring with 
welded-on chromium steel face, which is machined and 


ground (if necessary) in place. 


In the case of cast-steel 


valves, the chromium steel faces (or copper faces, if 
sufficient) may be welded on direct to the seats in the 
body and on the wedge. 





Fig. 3 


In large fittings, the use of brass and chromium 
steel can now be entirely dispensed with. For corro- 
sive conditions, the part of the spindle passing through 


the bush is chromium plated. 


Large quantities of copper-alloys can be saved in 
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Fig. 4 


valves with outside screw 
and bridge by making the 
revolving nut of cast iron, 
using brass only for the 
threaded parts and the 
thrust collar surface of the 
nut. Compared to the for- 
mer all-brass design, this 
saves 40-80 per cent. brass. 
Revolving nuts of zinc alloy 
have also been _ tried. 
Stuffing-box-glands _ ori- 
ginally made of brass or 
red brass, and later made 
of cast iron with a brass 
lining, are now made ofcast 
iron with a cast in zinc 
lining as shown in Fig. 5. 

The copper ball floats of 
steam traps have been re- 
placed by floats of ordinary 
carbon steel. After weld- 


ing-on the lugs, the assembly is chromium plated. This 
method is also applied to all kinds of ball float me- 
chanisms and regulators, etc. 
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Fig. 5 
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Large amounts of materials now in short supply are 
used in the chemical industry. The present trend is to 
use non-metallic materials and to use them as lining for 

io.3 =the corrosion protection of cast iron parts. Fig. 6 
es shows a valve for acids and alkalies, with all wetted 
interior surfaces protected by a porcelain lining. 














Fig. 7 


S$ OF Fig. 7 shows a valve with plug and seat of soft 
made | Tubber. Fig. 8 shows a cast iron valve lined with hard 
brass  Tubber. These valves are acid proof. Fig. 9 shows a 
fcast @ Valve design with replaceable seats of inexpensive 
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‘) Materials in a gauge is shown in Fig. 10. Formerly all 
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materials. At present, the parts are made of (a) steel ; 
(b) cast iron ; (c) steel ; and (d) zinc-alloy. 

In re-designed water gauge cocks formerly made of 
bronze, the plug is now made of bronze, and all other 
parts of steel. 


Small Fittings.—In the field of small fittings, re- 
design is chiefly characterised by the following measures: 
Zinc-alloy is used for cold water fittings, while fittings 
for hot water are either hot-galvanised or corrosion- 
protected by some other suitable coating. 

Some initial difficulties had to be overcome in the 
case of zinc-alloys for cold water fittings. From ex- 
periments carried out in forty water works it was found 
that. grain structure is more important than tensile 
strength and elongation. Therefore, the following 
points must be taken into consideration in manufacture 
and use. 


(1) The use of the Z 610 alloy (6% Al, 1% Cu) is 
recommended as standard practice. 


(2) For die-cast fittings the use of the alloy hitherto 
used (e.g., zinc alloy with 4% Al-1% Cu) may be re- 
tained as they produce sufficiently strong fittings. 

(3) While the application of inserted valve seat rings 
of stainless steel or of a special grade of brass improves 
the life of the seat, it is not generally necessary to insert 
valve seats of high quality special material. 


(4) The mains pressure should be kept as low as 
possible. Since April, 1942, the use of high-grade 
materials in fittings has come under official control. 
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HEAT TREATMENT OF STEEL FROM ROLLING TEMPERATURE 
By R. SCHAEFER and E, LANGENBACH. (From Stahl und Eisen, Vol. 63, No. 20, May 20th, 1943, pp. 399-402). 


In the manufacture of ball bearings it is desirable to 
employ steel (e.g. 19% C, 1.5% Cr) with uniform size of 
carbide particles. This structure is usually achieved 
by a softening anneal carried out at temperatures near 
AC, transformation point. According to the re- 
commendations made by H. Diergarten* the structure 
most desirable from the aspects of machining, harden- 
ing, and minimum distortion, is that shown in Figs. la 
and 1b. This recommendation is not confined to ball 
bearing materials, but also applies to tool steels in 
general and many other steels. It does not, however, 
apply to a number of structural steels, particularly car- 
burising steels. 
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Figs. 1a& 1b. Optimum structure for ball bearing steel. 


When heat treating from rolling temperature, the ac- 
hievement of this optimum structure is conditional upon 
the adherence to certain temperatures at the end of the 
rolling process, to a certain temperature and length of 
heat treatment, and also to a certain cooling speed. 

While proposals to utilise the rolling heat for sub- 
sequent heat treatment are by no means novel, this 
investigation was especially conducted for the purpose 
of ascertaining the conditions under which the afore- 
mentioned optimum structure of ball bearing material 
will be obtained. It was, therefore, necessary to 
establish the most suitable temperature at the end of 
the rolling process and also the temperature and length 
of heat treatment. Finally, the required cooling speed 
had also to be ascertained. 

The transformation points Ac, and Ar, were es- 
tablished by dilatometer test, care being taken to adjust 
the cooling speed to that prevailing under actual pro- 
duction conditions. According to the data obtained 
the Ac, critical point of the 1.0% C, 1.5% Cr material 
lies at 740 deg. C., while the Ar, point approximates to 
680 deg. C., the cooling speed being 0.5 deg. C. per 
second. 

Long time experiences gained with the normal pro- 
duction methods consisting in a 20 hour heat treatment 
at 760 deg. C. of the air cooled rolled bars, had shown 
that a final rolling temperature range of 820-880 deg. C. 
max. constitutes an optimum range if the specified 
structure is to be produced. This temperature range 
was, therefore, also adhered to in the first test runs 
conducted with heat treatment from rolling tempera- 
ture. 

However, before making any trial runs with a mill, a 
series of tests was made to ascertain the initial tempera- 
ture range and thie cooling speed required. The results 





*Berichte ueber betriebswissenschaftliche Arbeiten, Vol. 
13, 1940, Berlin. 








Fig. 2. Structure obtained with air cooling from 850 


to 700 deg. C. (test run 3). 


obtained are listed in the subjoined table, where it will 
be seen that only the temperature and cooling conditions 
of test runs 3, 4 and 6 led to the production of the de- 
sired structure ; while tests 1, 2 and 5 resulted ina 
cementite network with lamellar pearlite, which, of 
course, is unacceptable. 

The test runs with the mill were carried out at two 
final rolling temperatures of 930 deg. C. and 850 deg. C. 


respectively. It was found that the temperature of 
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Structure obtained with air cooling from 
850 to 750 deg. C. (test run 4). 


Fag. 3. 


930 deg. C. is too high, since it leads to the formation of 
a cementite network with lamellar pearlite. Other test 
runs made, did, however, confirm that with a final 











Fig. 4. cooling 


Structure obtained with quick 
from 870 to 700 deg. C. (test run 6). 
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rolling temperature of 820-880 deg. C. a highly uniform 
structure with favourable carbide particle size is ob- 
tainable. In this case, after cooling down to 700 deg. C., 
which is still above the Ar, point, heat treatment is 
carried out at 700 deg. C., and it simply consists in very 
slow cooling. : : ae 
Further tests conducted with a view to ascertaining 
the relationships between temperature and length of 
heat treatment, and cooling speed, have shown that for 
the production of ball bearing steel with the desired 
structure, heat treatment should begin at 680-730 
deg. C., that is somewhat above the Ar, point. 
After holding the material at 690-700 deg. C., 
the heat treatment is terminated by slowly 
cooling down to 650 deg. C. with a cooling speed of 
approx. 2-4 deg. C. per hour. Subsequent cooling to 
550-600 deg. C. before removing the bars from the 
furnace can be carried out with a cooling speed of 20- 
30 deg. C. per hour. Material treated in this way is 
said to exhibit a structure superior to that obtainable 


with the methods heretofore employed. 

Similar tests on Carbon and Alloy Tool Steel, pro- 
vided the % of Alloy is not too high, are reported to have 
shown that most of the steels used in practice, can 
likewise be successfully heat treated from rolling tem- 
perature. As regards the production of alloyed struc- 
tural steels of 65-75 kg/mm? (42 to 474 tons/sq. in.) 
tensile strength, it is recommended to use a final rolling 
temperature of 880-800 deg. C., followed by air cooling 
to 650 deg. C. and a subsequent cooling to 600 deg. C. 
at a cooling rate of 20-30 deg. C. per hour. Material 
treated in this way is said to have a structure superior 
to that obtainable with customary methods. 

In order to obtain convenient production methods, 
it is suggested that the various steels to be produced 
should be classified according to the required conditions 
of heat treatment. But actual classification of the ma- 
terials must of course be carried out in consideration of 
local production conditions. 


TABLE I. 


TEST CONDUCTED TO ASCERTAIN APPROPRIATE CONDITIONS OF HEAT TREATMENT AND COOLING RATE FOR THE PRODUCTION 
OF THE OPTIMUM STRUCTURE, AS SHOWN IN FIGS, 1A AND 1B. 





















































| ° * 
‘Temperature corresponding Cooling rate in the temperature ranges 
Test run to 
No. | Commencement | Commencement of Structure produced 
of rolling of heat treat- 
deg. C. ment deg. C. deg. C. 
| | 
Coarse cementite net- 
700-650 650-600 | 600-550 : e 
1 1,000 700 mae Bee ape work with lamellar & 
; =3 Cine =10 °C/hr |=25 C/hr | granular pearlite 
’ — ait 750-630 | 630-600 | 600-550 nits ine commana 
5) _ Ro Et ° eae ° — networ. wit amelar 
=5 *C/hr |=10 °C/hr |=25 °C/hr & granular pearlite 
: mm 700 700-650 | 650-600 | 600-550 | _____|Structure as shown 
=3 °C/hr |=10 °C/hr |=25 °C/hr | in Fig. 2 
4 850 750 750-630 630-600 | 600-550 | ie Structure as shown 
| =5°C/hr |=10 °C/hr }=25 °C/hr | in Fig. 3 
5 | -* 870 870-700 | 700-650 | 650-600 | 600-550 |Cementite network & 
=10°C/hr | =3 °C/hr |=10 °C/hr |=25 °C/hr /lamellar pearlite 
6 | = 870 870-700 | 700-650 | 650-600 | 600-550 (Structure as shown 
Salt bath | =3 °C/hr '=10 °C/hr |=25 °C/hr |in Fig. 4 








*Cooling from the temperature at commencement of rolling to that at commencement of heat treatment was effected 
in air. 


NOTCHED BAR IMPACT STRENGTH OF STEELS FOR AIRCRAFT 
PRODUCTION 


By W. STIEDA AND W. ToEDTER. (From Luftfahrt-Forschung, Vol. 20, No. 3, 16th April, 1943, pp. 57-62). 


THIs report issued by the Focke-Wulf Aviation Works 
points out that the value of the notched bar impact 
strength as a criterion of the suitability of a given steel 
for aircraft construction is still highly controversial 
because of the following facts : 

(1) Notch impact values depend not only upon the 
composition, but also on the history of the material, on 
the way in which the specimen has been prepared, and 
likewise on the surface quality and the uniformity of 
heat treatment throughout the section. 

(2) It has not been possible to ascertain whether 
fractures occurring in actual aircraft operation were 
due to impact, shock, brittleness, or notch effect. For 
this feason, no absolute values of notch impact strength 
Tequirements could be established as yet. 

(3) The notch effect, and its magnitude, encoun- 


tered in service may be quite unlike that produced with 
the standard notched bar impact test. Even a part 
constructed of materials possessing what is considered 
sufficient impact strength, may, therefore, fail when 
subjected to blow-like stresses. 

It therefore follows that in the preparation of test 
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Fig. 1. Small impact test specimen according to German 
standard specification DIN DVM A 115, 
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specimens particular attention must be paid to their construction steels used in German practice. Ajj ‘| 
production under uniform conditions. For this pur- specimens were heat treated with great care in order to 
pose the specimens used in this investigation were sub- obtain uniform results and to afford establishment of A 
jected to heat treatment prior to final grinding, thus the true properties of the material. The impact tests B 
eliminating the effects of the history of the material. proper were conducted at plus 20 deg. C. and minys A 
In the quenching of the specimens the usual 60 deg. C. 
quenching media for the particular steels were A 
used, although in most cases the use of water as Composition in Per Cent. re 
quenching medium, would produce optimum impact ; ee D 
strength. Stress is laid upon the fact that the deter- Mate-|Diameter c Si | 
mination of notched bar impact strength by laboratory rial mm. Mn/Si/ P| S Cr | Mo | 7 m 
tests can have only limited value to the designer since ssa io Mees oh teh ht =a. 
the laboratory test does not take account of the no less | i 
important influence of the shape of the stressed partand 1208 16 0.23) 1.33\0.310.02 0.018) 1.26) — | on 
the nature of the stresses encountered., Since shop | | 
production methods may vary considerably from the 1265 16 | 0.17} 2.180.300.0180.017, — | — | _— Ce 
much higher standards adhered to in the preparation | | BS./ 
of the test specimens, and since it is also impossible to 1267 28 0.33, 1.6 |0.400.0350.035, — | — | —B air’ 
establish absolute standards of notch impact strength —0.40/-1.9 specif 
in the light of present-day experience, the notched-bar 1310} 100 | 0.39) 1.81/0.40/0.018/0.034) — | — | qh a ® 
impact strength of new steels must be adjudged on a otal 
comparative basis, taking the properties of well tried 1452 | 1212 | 0.22) 0.70/0.35)0.02 (0.015; 0.9 | 0.15) —§ ment 
steels as a standard of comparison. -0.28 —1.2 |-0.25 jt 
In themselves, notch impact values are subject to porate 
considerable variations. Even standard specimenspre- 1604 15 0.24! 1.0 |0.40/0.025|0.02 | 0.6 | — | 010 Sprit 
pared by different laboraties may show sufficient physi- -0.3 |-1.3 -0.9 0.2 specif 
cal emery in cutting = notch, — of notch, _ 
etc., to yield different test results. Finally, attention ae: : High 
must be paid to whether the fracture takes place with » red i on < mee > — pro gg tively. 
or without deformation. Especially in the case of a io nce esi 4 pine acme of yee. a 
steels breaking without deformation, that is, with brittle di P h th f. — wrapp 
materials, the impact test values may be widely scat- and impact strength was established tor each of the the be 
tered. Furthermore, fractures without deformation —— rage gl we mer of tempering being B. 
must be adjudged on a basis different from that to be pico h te a al igi Magen fe 4 Works 
employed in the case of failure with deformation quench being kept constant. In addition to these tests, Its b 
However, with the test specimen made accordin, a the materials 1310, 1452, and 1604 were tested with the issued 
+ ete ‘eae dard DIN DVM A 115 (Fig. 1), rd one temperature of quench being varied, and the tempering an 
fractures take place with deformation ; or the type of Fin, age a — os ke onan at SOD deg. C. ball ta 
fracture represents an intermediary stage between the inally, the influence of the length of time of tempering Th 
two types.of failure upon the notch impact strength of the materials the In 
aia, demain iaan abies Shin sienna eat) ta te 1265, 1310, and 1604 was also studied in order to in- po Sa 
oitiditans poe sn the os din: sna tee Se vestigate their tendency toward temper brittleness. cue 
) P (To be continued) M.P., 
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TECHNICAL NEWS 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 


mentioning “ The Engineers’ Digest”? as a source. 
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BRITISH STANDARDS. 


(Copies of British Standards may be obtained from the British 
Standards Institution, 28, Victoria Street, London, S.W.1.) 


B.S./1123-1943, Valves, Gauges and other Safety Fittings for 
Air Receivers and Compressed Air Installations.—This 
specification provides for fittings for air receivers and for compressed 
air installations for maximum permissible working pressures not 
exceeding 1000 Ib. per sq. in., but does not deal with valves for 
portable gas cylinders. A section dealing with installation require- 
ments is included which requires that each receiver shall be protected 
by a suitable safety valve and a pressure gauge. The construction 
of the materials used is dealt with in detail and a section is incor- 
porated covering testing and inspection. 

Spring Wire.—B.S./STA. 1, STA. 3, STA. 4. The above three 
specifications for Spring Wire co-ordinate the requirements of the 
Ministry of Supply and the Admiralty. They cover the following 
three differing grades of wire :—Special First Quality Hard Drawn, 
High Quality Hard Drawn, Standard Quality Hard Drawn, respec- 
tively. 

The specifications in each case give the chemical composition 
and the tensile strength of different gauges of wire and torsion and 
wrapping tests are also specified. Additional tests are included for 
the better qualities, such as deep etch and the decarburisation tests. 

B.S. 1125-1943. Flushing Cisterns for Water Closets.— 
This specification was prepared at the request of the Ministry of 
Works, in collaboration with the British Waterworks Association. 
It is based on the Model Specification for Water Pipes and Fittings 
issued by the Ministry of Health. 

Certain temporary modifications relate to lead and copper lining 
cisterns, pressed steel cisterns and ware cisterns ; also to syphons. 
ball taps and flows, outlet fittings and overflow pipes and capacity. 

The Howard Ford Annual Award has been conferred upon 
the Incorporated Sales Managers’ Association of Great Britain by 
the Sales Managers’ Association of Philadelphia, U.S.A., in admira- 
tion and recognition of British Sales Management carrying on during 
trying and difficult times and conditions.” Mr. Gilbert Gledhill, 
M.P., Chairman of the Association in this country, has emphasised 
in a message to the meeting in Philadelphia the appreciation of the 
Sales Managers in Gt. Btitain for the gesture which will do much 
to cement the already happy relations between the two countries. 

Course of Lectures on Production Planning.—The Ministry 
of Labour and National Service, in conjunction with the Board of 
Education and the Scottish Education Department, is organising 
courses of lectures on Production Planning at various Technical 
Colleges throughout the country. Employers may obtain full 
details from the local Employment Exchange. 


NEW EQUIPMENT 
THREE MACHINES IN ONE. 
MEssRs, Lorant & Co. Ltp., 98-100, Croydon Road, London, S.E. 
20, have recently marketed the three-purpose machine shown in the 


illustration. It is manufactured in large batches on modern pro- 
duction methods as a one-purpose machine with a set of parts for 





instant conversion for a second and third operation. It is claimed 
that in addition to the three main purposes, 1.e. (1) as second opera- 
tion polishing and lapping machine ; (2) as face milling and filing 
machine ; and (3) as cup wheel grinder, the machine, with additional 
equipment, could also be used for many other applications such as 
turning, milling, small external and internal tool and face grinding, 
slot milling, slitting, cutting keyways, etc. 

The main difficulty caused by the wide range of speeds needed 
for one machine to perform all the above operations has been solved 
by the 8 speeds of the machine ranging from 100 r.p.m. to 3,000 
r.p.m. 


SHELL CASE FORGINGS MADE USABLE 
BY ARC WELDING. 

THESE photographs, released in this country by The Lincoln Elec- 
tric Company Limited of Welwyn Garden City, illustrate how 
castings are being built-up by electric arc welding electrodes manu- 
factured by that firm, instead of scrapped when the size is in- 
correct. 

It is not always possible for shell casings to be forged with openings 
the correct size. To scrap them means a loss of £8 per shell, in 
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addition to the time already used in production, so that they are now 
being built-up in this manner. 

Electrodes being used for this work must be designed for welding 
high tensile steel, so that the physical properties of the weld metal 
are equal to that of the shell. After the shell is stress relieved, the 
deposited weld metal has been tested and proved to have a tensile 
strength of 51.34 tons. 


PAPER ON STEERING GEARS. 


THE next General Meeting of the Institution of Automobile Engineers 
will be held on Tuesday, 7th September, 1943, at the Royal Society 
of Arts, John Adam Street, Adelphi, London, W.C.2, at 6.15 p.m., 
when Mr. harles, B.Sc., Chief Development Engineer of 
the Austin Motor Co. Ltd., will read a paper entitled, ‘“‘ The Per- 
formance Characteristics of Steering Gears; and notes on some 
ers in Vehicle Design which affect the Operation of the Steering 
ear.” 

After outlining the fundamental principles affecting steering gear 
design the paper outlines the nature of the information required to 
obtain a true picture of steering gear action. A description of the 
apparatus used to obtain test results is then given followed by an 
analysis of these results. The theory of controlled reverse efficiency 
as against natural reverse efficiency is fully dealt with and the paper 
ends with some notes on factors in vehicle design which affect the 
operation of the steering gear. 

At the conclusion of this, the final General Meeting of the 
Session, 1942-43, Mr. Geo. H. Lanchester will be inducted as 
President of the Institution for the Session, 1943-44, 

Cards of invitation to admit visitors to the meeting may be 
obtained on application to the Acting Secretary, the Institution of 
Automobile Engineers, 12, Hobart Place, London, S.W.1. 


BOOKS RECEIVED 


The Machine Shop Year book and Production Engineers’ 
Manual.—Editor: H. C. Town, M.I.Mech.E., M.I.P.E., II. 
Edition, 497 pp., Paul Elek Publication, 25/- 

“Lecra” Press Pocket Manual. — Compiled by John 
Langton, B.S.c., M.I.Mech.E., published by Lee & Crabtree Ltd., 
Shipley, 48 pp., 3/- 


PERSONAL 


Dr. Cecil Henry Desch, Scientific Advisor to the Iron and 
Steel Research Council, former President of the Institution of Metals 
and formerly Professor of Metallurgy at the University of Sheffield 
and at the Royal Technical College, Glasgow, has joined the board 
of Richard Thomas & Co. Ltd. 

Sir Walter Jenkins and Mr. G. R. Thursfleld have been 
appointed Directors of Electrical Switchgear and Associated Manu. 
factures Ltd. 

Mr. J. W. Walker has been appointed a Director of Sanderson 
Brothers and Newbould Ltd., Sheffield. 

Lord Brabazon, P.C. ; Sir Arthur Matthews, O.B.E. ; Sir 
Alexander Dunbar ; and Mr. W. H. Child, M.I.Mech.E., have 
been elected Directors of David Brown & Sons (Huddersfield) Ltd, 
in addition to Mr. David Brown, Sir Ernest Roney and Mr, W, 
Killingbeck. Lord Brabazon has been elected Chairman, and Mr, 
David Brown will continue as Managing Director. 

Mr. W. G. Bass, B.Sc., A.M.LE.E.; Mr. C. W. Bridgen, 
A.M.LE.E.; and Mr. W. C. Pycroft, have been appointed 
Directors of Ferranti Ltd., Hollinwood, Lancs. 

Mr. C. J. O. Garrard, M.Sc., A.M.LE.E., has been appointed 
Assistant Manager, and Mr. W. R. Cox, B.E., A.M.LE.E., Chief 
Consulting Engineer of the Switch Department of the General 
Electric Co. Ltd., Witton, Birmingham. 

Mr. C. G. Miller, M.I.Mech.E., has been appointed Sales 
Manager of Aveling-Barford Ltd. 

Mr. Bernard Thomas, Managing Director of Midland Heat 
Treatments Ltd., Wolverhampton, has been elected President of 
the Staffordshire Iron and Steel Institute. 

Mr. A. Hammerton, late of General Radiological Ltd., has 
joined Electro Methods Ltd., 112, Brent St., London, N.W.4, as 
Assistant to the Managing Director. 

Mr. John Bell, General Manager, and Mr. H. J. Chambers, 
Works Manager, have been appointed Directors of the Projectile & 
Engineering Co. Ltd., Acre Street, Battersea, London, S.W.8, 

Mr. J. W. Horton and Mr. J. H. Williams, joint Gener 
Managers of A. C. Cossor Ltd., have been elected Directors of the 
Company. 

Mr. R. P. Key has been appointed General Manager of Parnall 
Aircraft Ltd. 

Sir Walter Benton Jones, Bt., Mr. Allan C. Macdiarmid, 
Mr. John E. James and Mr. Guy S. McLay, have joined the Board 
of Directors of the Wellman Smith Owen Engineering Corporation 
Ltd., Victoria Station House, London, S.W.1. 
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